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ABSTRACT
The objective of this research was to determine which published
chromatic adaptation model performed best under a single set of conditions.
Previous research has been conducted to study chromatic adaptation,
develop models and to indirectly test those models. This research directly
tested the performance of these models using printed, simple-field, object
colors through a successive-ganzfe/cf haploscopic, paired comparison,
matching experiment. The chromatic adaptation models tested were CIELAB,
CIELUV, Fairchild '91, Hunt '91, LABHNU2, Nayatani et al. '90 and von
Kries. The test illuminant was incandescent at 231 lux. Model predictions
were calculated for the reference simulated daylight at 2,396 lux. The Hunt
model was found to predict the best matches for each color sample, and
across all ten color centers. The other
models'
performances were
significantly different, but not nearly as good. However, two versions of the
Hunt model were tested, and neither performed consistently, although they
both performed better than the other models. For a wide chromatic range of
object colors, an alternative form of the Hunt model is suggested for
implementing the prediction of corresponding colors
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It doesn't happen all at once, said the Skin Horse. You become. It takes a
long time. That's why it doesn't often happen to people who break easily, or
have sharp eyes, or who have to be carefully kept. Generally, by the time
you are real, most of your hair has fallen off, and your eyes drop out and you
get loose in the joints and very shabby. But these things don't matter at all,
because once you are real you can't be ugly, except to people who don't
understand.
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INTRODUCTION
Chromatic adaptation is a natural process of the visual system that is
experienced by everyone. It is an organized series of responses that allows
the visual system to unconsciously adjust to changes in the illumination of
the environment, resulting in a change of chromatic sensation and
perception. While this process usually occurs unnoticed by the subject,
low-
level cognitive as well as physical mechanisms are involved. In the process
of chromatic adaptation, cognitive clues are just as influential as the physical
qualities of the illumination and surround.1
Instead of the perception of a color change, color constancy usually
occurs during chromatic
adaptation.2 This color persistence is demonstrated
by the everyday, white paper example. A person reading a letter on a
spectral ly-nonselective, highly reflecting piece of paper walks from outdoors,
where the mailbox is illuminated by daylight, to indoors, where the room is
lit by incandescent light. A distinct physical change has occurred; now the
paper should evoke a different color sensation than it did in the outdoor
light. However, a change in color is not what is perceived. The color
perception of the paper remains white to the reader, regardless of the
physical change. This phenomenon is color constancy, and it is a direct
result of chromatic adaptation functioning in the visual system. Specifically,
the cognitive mechanisms begin operating the moment the quality of the
illumination changes. A secondary, more stable adaptation occurs while the
physical mechanisms chromatically adjust to
the change in illumination.3
Besides its physiological mystique, chromatic adaptation is an
important element in many
industrial applications. Traditionally chromatic
adaptation has been a significant factor in determining the color rendering
properties of light sources. More recently chromatic adaptation is becoming
significant as cross-media color reproduction becomes more feasible.
Industries are interested in scanning an original image, displaying it on a CRT
screen, printing it out and retaining the same color perception throughout all
these steps. Chromatic adaptation factors must be considered at every step in
this process, and many people are interested in understanding its influence, if
not controlling it entirely.
Study of Chromatic Adaptation
The phenomenon of chromatic adaptation has been studied
extensively throughout this century. Many theoretical, experimental and
review publications have been devoted to the subject. Bartleson's 1977
review4 alone briefly mentioned fifty-five psychophysical chromatic
adaptation studies, and since then, the scope of subsequent studies has
expanded considerably. Instead of elaborating further, this thesis refers the
reader to the overviews of Bartleson, Terstiege,5
Wright,6 and Nayatani.7
Many of theses previous psychophysical chromatic adaptation
experiments yielded conflicting results. Both viewing mode and
psychophysical methods varied in these studies, as well as the mode of
stimulus involved. Such differences in techniques may explain the wide
variety of results; a similar
conclusion was reached by the Illuminating
Engineering Society Subcommittee on Color in
1962.8 Today, the selection of
viewing mode,
psychophysical method, and stimulus mode is still an
important and influential factor in the design of chromatic adaptation
experiments.
In general, the differences between viewing modes can be divided into














FIG. 1 . Schematic of the two viewing modes categories, a) normal,
binocular and
b) haploscopic, split-field.
way in which people normally
use both eyes simultaneously to view a single
field. It is also referred to as binocular viewing. The contrived method refers
to manipulating the eyes in
some manner that is not natural, but which
allows two experimentally controlled
fields to be compared side by side.
Haploscopic viewing is a contrived,
observational arrangement in which the
viewing field is split into two,
so that each eye is restricted. As was done in
experiments by Hunt9, the visual system can be fooled into fusing the two
fields into one image with a sophisticated optical system. Other uses of
haploscopic viewing do not attempt to fuse the fields and instead use just a
septum to isolate the eyes from each other. Still other methods incorporate a
successive haploscopic viewing in which only one eye is viewing a test field
at any one time, and yet a comparison can be made between the two fields.
Another contrived viewing technique, designed by
MacAdam,10 imaged a
split field onto a single retina. In this method, the comparison is made within
two areas of the same eye, not across eyes. Eastman and Brecher, by
investigating three of these viewing techniques in 1972, found that the results
of a chromatic adaptation matching experiment do depend on viewing
mode.11
Another layer of complexity among chromatic adaptation experiments
is the option of which psychophysical method to use. There are generally
two types of psychophysics involved in these studies, scaling and matching.
In scaling experiments, direct scaling and magnitude estimation are
utilized to generate descriptive data. The subjects are given real or imaginary
anchor points - or in the case of hue no anchor points - and assign a value to
each color attribute according to their own internal scales. The advantage of
scaling techniques is that they may be easily used in conjunction with
natural viewing techniques, which results
in an experimental design that
closely imitates everyday judgement
situations. Due to their open-ended
nature, scaling techniques produce
experimental data with an undesirable
low level of precision, especially between observers.
For matching experiments, either memory matching
or direct matching
is employed. In memory matching, the
sample is viewed under one
environmental condition, and the match is made under different
environmental condition. The subject cannot look at the samples under both
conditions simultaneously, but must remember the color perception from the
first condition and match it in the second condition. Direct matching uses a
simultaneous haploscopic method; the subject is concurrently referring to the
samples in two adapting conditions. Whether the match is identical or
approximated is an important subtlety in matching experiments. For identical
matching, the subject physically adjusts the reference stimulus to match the
test sample. Approximated matching gives the subject a choice between a
restricted number of samples. This range could include all the samples of a
page of the Munsell book or just two samples, such as in a paired
comparison. Matching experiments allow for quicker, simpler and more
precise judgements than scaling experiments, but their accuracy is in
question due to the contrived viewing conditions they often utilize.
The type of stimulus used in experimental observations also
contributes to great differences in results. This nature of the stimulus can be
reflective or self-luminous. A number of terms are used to describe these
media qualities: related and unrelated colors,
Hunt;12 hardcopy and
softcopy,




Pointer.15 It is theorized that the visual system
interprets information about a reflective stimulus, such as a color
photograph, differently than how it interprets information about the same
image displayed as a self-luminous stimulus, such as on a CRT screen.
Recent studies have supported this theory with achromatic
samples.16
Phenomena Related to ChromaticAdaptation
The intense investigation of chromatic adaptation inadvertently
resulted in the discovery of various other color phenomena. These
phenomena are referred to as color appearance effects. While color
appearance effects are not chromatic adaptation effects by definition, they
are contributing factors in everyday situations involving chromatic
adaptation. Often associated with the process of chromatic adaptation, color
appearance effects are frequently included in various studies.
In general, the most commonly experienced color appearance effects
are those related to luminance level changes. Stevens and Stevens17 found
that perceived contrast increases as the overall adapting luminance level, or
brightness, increases. This finding, known as the
Stevens'
effect,
demonstrated that blacks actually appear blacker at higher luminance levels.
Lower luminance levels result in greyer blacks. Bartleson showed that
contrast also increases as the lightness of the surround increase.18 Earlier, in
1952, Hunt9 found a similar luminance relationship, that saturation increases
with increasing luminance. When experiencing the Hunt effect, a yellow
sample will appear very saturated under high luminance levels; under a
lower luminance level the same yellow sample may appear brown or even
neutral. Research into these effects was of particular interest to the film
industry, since it could be applied to improving product performance and
presentation.
Other color appearance phenomena are less common and involve
more subtle observations. The Helmholtz-Kohlrausch effect describes the
differences observed between chromatic colors and achromatic colors of
equal luminance factor.19 As colorimetric purity increases, the apparent
brightness of chromatic colors increases, and thereby, the brightness of
chromatic colors is no longer equivalent to the brightness of achromatic
colors. This was first observed with aperture colors, and has been recently
investigated using object
colors.19 The phenomenon known as the Helson-
Judd20 effect has been observed only under highly chromatic illumination. A
nonselective color scale will take on the chromatic characteristics of its
source, as the source increases in chromatic character. Under a highly
chromatic yellow source, light greys will appear yellowish, while dark greys
will appear bluish. Often the influence of this effect has been
overemphasized in everyday use. Helson found that the effect disappeared
when the chromatic source was diluted with as little as 7% white light, using
93% monochromatic illumination.
Altogether, the discovery of color appearance effects revealed that
more than just the physical changes in the quality of illumination affect color
perception. Moreover, many new color appearance effects were discovered,
and several influential environmental factors were exposed by this overall
research. However, the specific findings of these experiments conflicted. It
became not only important to investigate chromatic adaptation and color
appearance effects, but to also predict them. Fortunately, this wealth of
research formed an extensive data base of corresponding colors and
magnitude estimations, and thus, has provided a foundation for the
mathematical modeling of chromatic adaptation.
Chromatic Adaptation Models
Throughout this century, models have been developed to
quantitatively predict chromatic
adaptation. The first such model was
introduced by von Kries in 1902. Following his lead, many models were
formulated to include various aspects of chromatic adaptation. There are
seven major chromatic adaptation models that are included in this study.
These models were selected either because they are commonly used in color
science or because they introduce a novel approach to the task.
In general, the basic purpose of the models is to provide either a
theoretical or mathematical method of quantitatively describing chromatic
adaptation. Usually in industry, applying a model results in generating a
corresponding color of a given sample with specified illumination
environments. A corresponding color is defined as the colorimetric
coordinates of a stimulus, viewed in a reference illumination field, that
matches the color appearance of a given stimulus viewed in a test
illumination field. The basic procedure for generating a corresponding color
from a chromatic adaptation model is diagrammed in Fig. 2. To apply a
model, quantitative information about the sample, the test illumination
environment, as well as the desired reference illumination environment, must




FIG. 2. Flow chart of the basic procedure used to calculate corresponding colors,
with both input and output in tristimulus values.
tristimulus values, XYZ, or chromaticity coordinates, Yxy, with some models
requiring additional, descriptive data. Once a model's transformation is
applied to this input, a corresponding color is either directly generated, or
can be calculated using the reverse procedure of the model. Not all models
are mathematically reversible. Some models directly give tristimulus values
of corresponding colors, and some only give color appearance parameters
for the adapted sample. In order to apply these models to uses in industry, it
is essential for them to be reversible, and for this research it was necessary to
obtain tristimulus values for corresponding colors from each of the models.
The method for such computations is briefly described for each model.
von Kries
The first quantitative chromatic adaptation model was postulated by
von Kries. His simple coefficient law21 is applied to the three visual




Sa = % , (3)
where L, M, S and Ls, Ms, Ss represent the fundamental tristimulus values of
the object and source, respectively, for the long, medium and short
wavelength responses; La, Ma, Sa denote the adapted fundamental
tristimulus responses. Equations 1-3 depict what are commonly referred to as
the von Kries transform. In order to calculate corresponding colors the
adapted fundamental tristimulus values of the reference condition are





















where 1 and 2 subscripts denote values for the test and reference condition,
respectively.
Before applying the von Kries transform, the fundamental tristimulus
values must be calculated from the fundamental primaries. Eighty years since
this transform was postulated, the exact form of these fundamental primaries
is still unknown. However, the Hunt-Pointer-Estevez primaries22 are a
reasonable approximation of the fundamental primaries23, and consequently,
are widely used in the study of chromatic adaptation. The following equation
applies this set of primaries to CIE tristimulus values XYZ to result in
fundamental tristimulus values L, M, S:
0.4202 0.7076 -0.0808 X
M = -0.2263 1.1653 0.0457 Y
S 0.0000 0.0000 0.9182 Z
(7)
It should be noted that these primaries were not defined by von Kries, and
are applied to his model only as a reasonable interpretation.
Von Kries did not consider his simple transform sufficient to
comprehensively model chromatic
adaptation. The coefficient law was
10
proposed as an initial attempt to mathematically model the elementary
aspects of chromatic adaptation. It is noteworthy that this basic coefficient
law, proposed as a starting point, is still incorporated into many
contemporary models.
CIELAB
The CIELAB equations are an excellent example of a modified von
Kries transform.24 These equations were purposely designed to include a
coefficient law. Although CIELAB is noted for its approximate perceptual
uniformity as a color space, it also contains a simple chromatic adaptation
model that is not necessarily physiologically based. Basically, the tristimulus
values of the stimulus are merely divided by the tristimulus values of the
adapting source; the calculations do not include a transformation to the

















where X, Y, Z are the tristimulus values of the stimulus
and Xn, Yn, Zn are
the tristimulus values of the source;





a measure of yellowness-blueness. CIELAB was
investigated as a chromatic adaptation model because it is used as an
international standard in many industries.
If this model performs similarly to
11
other models, there would be no need to alter or extend the already
established CIELAB system.
CIELUV
Another internationally recognized color space is CIELUV. This system
was also designed as an alternative uniform color space, but the chromatic
adaptation transform- it applies is different from von Kries.20 The
distinguishing transformation equations are:
L'=116fYZ V -16 for % > 0.008856, (11)





is a measure of redness-greenness and
v*





are the chromaticity coordinates calculated
from tristimulus values of the stimulus and source, denoted by the subscript
n. Notice how
L*
is identical for CIELAB and CIELUV. However, the white
point correction entailed is performed subtractively. The source chromaticity
is subtracted from the stimulus chromaticity, in essence, shifting the entire
chromaticity diagram. This is a method
proposed by Judd and vaguely
emulates the mean level subtractive process in the cone signals, but it's not
physiologically exact. This model is also not commonly
used as a chromatic




A model that combines aspects of CIELAB and CIELUV was proposed
by Klaus Richter in 1977.25'26 Previously no CIELAB chromaticity diagram
existed because of the way it was mathematically derived. For the LABHNU2
model, Richter essentially rederived the CIELAB color space through a
chromaticity diagram. This resulted in a color space that could be used to
determine color differences for simple chromatic adaptation between
different illuminants. The acronym LABHNU combines the names of the





- yellow-blue chroma, H
- colorimetric
















f^/ V -16 for Y/ > 0.008856, (16)




In Eqs. 14-18, the subscript n denotes the values of the source. The
calculation of
L*





are subtractive like the CIELUV equations, and
yet also include a von Kries type transform in Eqs. 14 and 15 similar to
CIELAB. Like CIELAB and CIELUV, the LABHNU2 model does not take into
account many aspects of
chromatic adaptation, such as luminance level and
incomplete-adaptation. While this model is not commonly employed, its
13
unique qualities and simple application make it one that could be easily
utilized for chromatic adaptation purposes.
Color Appearance Models
The next models to be examined are far more intricate than the
aforementioned models. Many years of adjustments have gone into
developing them, with the level of complexity increasing as the models have
expanded from chromatic adaptation transforms into color appearance
models. A color appearance model is designed to predict not only the effects
of chromatic adaptation, but also some or all of the many other factors that
affect the color perception of stimuli. A color appearance model also
provides a way to describe color appearance attributes, such as hue, chroma
and lightness. The latest available versions of these models were used in this
study.
Hunt
R. W. G. Hunt first proposed a color vision model for predicting color
appearance in 1982.27'28 It has since been developed into a detailed color
appearance model, with an underlying framework based in chromatic
adaptation. The 1991 version of Hunt's
model29 includes many aspects of
color appearance such as related/unrelated color considerations, proximal
field, background and surround effects, luminance-level adjustments,
discounting and no-discounting the illuminant as well as rod response and
simultaneous contrast. For the purposes of object, related, color in a uniform
grey background and surround,
the model is less complicated, and only the
aspects relevant to these conditions will be discussed.
14
The uniqueness of this model is mainly demonstrated in the adaptation
equations:
p =B
a p >(flfp^j+Pd; +1, (19)




where pa, ya, Pa represent the cone responses after adaptation of the red,
green and blue channels, respectively. While there are many factors to
interpret, some of these components can be easily described. The p/pw, y/Tw
and p/pw are clearly a von Kries transformation where the values are the
fundamental primaries transformed from the tristimulus values. The Hunt-
Pointer-Estevez primaries normalized to the equal energy illuminant are used
in this calculation. Notice how multiplicative factors of luminance level
adaptation, F|_, and an incomplete chromatic adaptation, Fp, F7, Fp, are added.
The latter adds a dimension to the model that allows for discounting the
illuminant, a cognitive process. The response function fn performed on these
values is a defined as a nonlinear relationship that is similar to a square root
relationship. Added to this are pD, yD, Pd terms that include adjustments for
the change in neutrals known as the Helson-Judd effect. Even multiplicative
cone bleaching factors, Bp, B7 and Bp, are worked into the model.
Discussing just Eqs. 19-21 does not do justice to the model. More
equations and transforms are performed before the final output of values in
color appearance parameters is achieved. A set of corresponding colors is
defined by a match in color appearance parameters. While the model is not
mathematically invertible, it can be iteratively reversed to generate a
15
corresponding color from color appearance parameters. Furthermore, the
Hunt model has again been revised;30 this latest version was not published at
the time of this study. An improvement has been made to the chroma and
colorfulness parameters, and therefore, the version used is this study is not
equivalent to the most recent version of the Hunt model.
Nayatani and Coworkers
Another intricate model has been developed by Yoshinobu Nayatani
et
a/.31-32 Like the Hunt model, many years have resulted in an evolution of a
color appearance model from a foundational, chromatic adaptation
transform. The Nayatani model has been recommended for field trails by the
CIE33
and includes considerations for luminance-dependence, the Hunt
effect, the Stevens effect and the Helson-Judd effect as well as background
and surround effects, and lightness-chroma or brightness-colorfulness
matching. For the purposes of this investigation, only lightness-chroma
matching with a uniform, mid-grey background is discussed.
The heart of the chromatic adaptation transform lies in a nonlinear























where primes indicate values of the reference field, no primes indicate values
of the test field: R, G, B are the fundamental tristimulus values transformed
from colorimetric tristimulus values through the Hunt-Pointer-Estevez
primaries: p0 is the reflectance of the background: , r\, C, are the values
calculated from the
illuminants'
chromaticity coordinates. The factors pr, pg
and pb are calculated from the fundamental tristimulus values of the
reference and test fields, and here luminance is taken into account. The von
Kries transform occurs when the fundamental primaries R, G, B are divided
by the altered values of the illuminant ,, r\, . The nonlinear power function
was inspired by
MacAdam,34 who applied it only to the blue cones. Here it is
applied to each of the three responses, and is assumed to increase as the
effective adapting luminance increases. Other
factors involved in calculating
the exponent result in the prediction of the Stevens, Hunt and Helson-Judd
effects.
Once the chromatic adaptation transform is applied, color appearance
parameters are calculated. The decision as to what type of matching is used
in the situation, lightness/chroma or brightness/colorfulness,
must be
determined at this point. The appropriate color appearance parameters of the
test field are then equated to that of the reference field, and the model is
reversed to generate a corresponding color.
Fairchild
A more recent model, proposed by Mark D. Fairchild, includes various
aspects of previous chromatic
adaptation
models.13-35'36 It is essentially a
chromatic adaptation model that
incorporates surround conditions, and
makes no attempt to describe color
appearance. It includes luminance-
dependency, the Hunt effect and
distinguishes between appearance modes
17
of reflective and self-luminous stimuli. The model can be expressed in a
single matrix equation, Eq. 25, with tristimulus values of the stimulus in the
test condition denoted with ones, and the corresponding calculation in








The M matrix is merely a transform of the fundamental primaries via the
Hunt-Pointer-Estevez primaries normalized to illuminant D65. The next
matrix, A for adaptation, includes a modified form of the von Kries transform
with an incomplete-adaptation factor borrowed from Hunt's model. The
equations are the same, but a difference exists in the determination of which
versions of the equations to apply in which situations. Fairchild defines a
reflective stimulus as resulting in discounting of the illuminant; a
self-
luminous stimulus always results in no-discounting of the illuminant.
Adjustments for appearance modes are made in this matrix, which also
includes a luminance-dependency factor. The C matrix takes the Hunt effect
into account by applying the Takahama et al. linkage model. By providing
off-diagonal terms for luminance-dependency, interactions between the cone
types are predicted, resulting in a method
for describing the perceived
colorfulness of sample and contrast with increasing luminance. To complete
the calculation, the C, A and M matrices must be derived for the new
adapting condition, and
then inverted and applied as shown in Eq. 25.
This model is relatively new in the field
of chromatic adaptation, but
was used in this study for its simple,
novel approach that is potentially very
useful to the color reproduction field. It has recently been extended in the
18
RLAB model,37 which also expands CIELAB color space to determine color
appearance parameters. For the conditions used in this study, the RLAB
model reduces to the Fairchild model.
There are many more chromatic adaptation models in the color
science literature. The ones discussed here represent the wide range of
theoretical opinions, beginning with very basic and proceeding in
complexity. Many aspects of unmentioned, earlier models have been
incorporated into the larger, more recent models. It becomes redundant to
examine both the earlier models and the improved versions. However, even
with just the improved models there exist great differences. It would be
useful to compare the predictions of these models to determine the optimal




The methods used to test the chromatic adaptation models have been
indirect and varied. Often the models have been tested utilizing data
collected by experiments focused on just chromatic adaptation.
Theoretically, if a model is accurate enough, it will be able to predict
chromatic adaptation data. Unfortunately it is difficult to determine how
much of this indirect testing is sufficient to determine which model is the
best, or even if there exists a model satisfactory for use in an industrial
setting. It seems that there are as many different answers as there are tests.
After reviewing the progress made in studying chromatic adaptation,
Bartleson proceeded to delve into the comparison of chromatic adaptation
transforms.38
Using the corresponding colors generated by eight different
studies, six transforms were evaluated. Among these were the Takahama et




were investigated. The results were inconclusive as to
which model predicted the data better. The conclusion was drawn that there
are two types of chromatic adaptation transforms, perhaps differing in the
von Kries or non-von Kries type transform.
In 1982, Pointer continued along this vein of combining
corresponding color data sets to evaluate chromatic adaptation transforms.15
This time eighteen data sets were merged, and ten adaptation transforms
assessed. Nayatani et al. '80 model and LABHNU2 were included in the
study. Again the results did not indicate clearly which transform predicted
the data better. None of the models could accurately predict the results for
all observations. This examination did, however, support Bartleson's binary
categorization of transforms. This time it seemed that the differentiation was
due to the type of stimuli, reflective or self-luminous, instead of the type of
transform.
Nayatani et al. have repeatedly examined the performance of
chromatic adaptation transforms through color appearance models. In one
comparison, the Hunt and Nayatani models were theoretically examined
side by
side.39 This comparison did not use corresponding colors or
magnitude estimations to test the models. Instead, the NCS Color Order
system and the Munsell Color system were used as uniform color spaces in
which the model predictions could be compared. It was shown that both
models predict the Helson-Judd effect, but the extent of the predictions
varied. Lightness, brightness and colorfulness predictions were also
compared, with the models agreeing on most trends and differing in
magnitude. While this investigation clearly showed the similarities and
differences of the two models, it did not determine which model performed
better in predicting physical data.
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Probably the largest, organized testing of color appearance models has
been conducted by Luo, et al. This extensive study40-41 > known as the
LUTCHI experiments, examined the performance of CIELAB, CIELUV, CMC
(a color difference space), Hunt '87 and '91, and, Nayatani, et al. First data
were collected over many different chromatic adaptation conditions, varying
sources, luminance level, background, surround and appearance
mode/media. Altogether, ten observers were used to make magnitude
estimation judgements on 2254 sample colors; 61 to 105 sample colors were
used for each of the 23 viewing conditions. The resulting observations
yielded a comprehensive data base. The performances of the color spaces
were then evaluated on the basis of their ability to accurately predict the
observed data. As a color space, it was found that the Hunt '91 model
predicted the data the best. It should be noted that the Hunt '91 model is the
Hunt '87 model refined using the LUTCHI data. Therefore, this examination
of the Hunt '91 model is not a true independent field trial. The research
continued to examine various chromatic adaptation transforms, including
von Kries, Bartleson, Bradford, Nayatani, Hunt '91 and CIELAB. The results
indicated that the unpublished Bradford transform clearly performed the best,
giving the best fit to the observed data. The
performance of the Hunt '91
model came in a second place consistently, but it performed quite poorly
compared to the Bradford model. The Nayatani model predicted very poorly.
A slightly smaller scale
experiment was conducted by Mori et
al.42 In
this study, a
simultaneous-haploscopic matching method was used to
generate corresponding colors
for object colors. The 208 subjects were
adapted to the test field with incandescent source, in the left eye, and to the
reference field with a daylight source in the right eye. A Munsell sample was
placed in the test field, and the subject was asked to find a match to it from a
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masked page of Munsell samples in the reference field. The resulting
observed data were compared to the predictions of the Nayatani, Hunt and
von Kries models. Unfortunately the published comparison is only graphical,
making it difficult to determine the level of significance between the model
differences. The authors claim the Nayatani model predicts the data better,
but the graphical analysis does not support this. It even appears that the
Nayatani systematically predicts the Steven's effect and the Helson-Judd
effect incorrectly. These inherent differences are explained by the authors as
a systematic error in the observation data. The conclusion is drawn that the
Hunt and Nayatani models performed similarly, and that since the Nayatani
model is simpler to calculate, it is preferred. The analysis of these data is still
in progress.
The need to continue researching the performance of chromatic
adaptation models is clear. In 1992, The CIE Technical Committee 1-34 was
formed to address the issue of Testing Colour Appearance Models. The
objectives of this committee are to encourage and orchestrate the further
testing of color appearance models using object (surface) colors. The
committee has recommended examining the performance of all the prior
mentioned models, with the exception of von Kries. This research followed
the guidelines presented by this committee.
Definition of Research Goals
The purpose of this experiment was to provide further testing of
chromatic adaptation models in order to find which model is the best.
Previous research focused on indirectly testing the models, that is, comparing
model predictions to observed data. This research, instead, directly
compared the actual model predictions through psychophysical
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observations. Approaching the investigation from this angle provided a
measure of how well the models perform in a practical application. It was
not designed to provide further information on the phenomenon of chromatic
adaptation, however, and the results are greatly limited by which models
were included in the study. It must be stressed that the entire purpose of this
investigation was to determine which chromatic adaptation model, in its
current form, performs best, not how to improve any existing model.
As one can deduce from the Luo study, the size of an psychophysical
experiment can rapidly increase as various parameters are investigated. To
limit this study to a reasonable scope, a small subset of parameters was
investigated. It was decided that only one set of test- reference illumination
environments would be investigated, and only one viewing method and
psychophysical technique applied. The focus of the investigation was limited
to object colors and only the prior-mentioned models were examined. Both
the number of object colors and the number of subjects were reduced to the
smallest reasonable size that represented a good sampling of color space and
the population, respectively.
The determination of which conditions, methods and techniques to
use required careful consideration. The goal of the experiment was to put the
models to the most difficult, yet meaningful, test possible. It was desired to
have the relationship between the test and reference conditions enlarge the
differences in the model predictions, in order to determine which was the
more correct prediction. In the same manner, the investigated areas of color
space chosen were those in which the model predictions differ the greatest.
In contrast, the type of viewing mode was selected for its accuracy and
precision so as not to add a bias towards one model or another. The
psychophysical method was also selected on the basis that it precisely
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measures and quantifies the model differences, if these differences existed.
Furthermore, an unbiased method was selected to generate the test and
reference samples.
To select the areas of color space and illumination conditions that met
the above requirements, the models were examined on a large scale. This
was done mathematically, by computing the various model predictions
under a variety of illumination environments and uniformly sampling color
space. A variety of analysis techniques were applied to reveal the trends
between the models. The results were used to determine the physical
parameters of the psychophysical experiment.
The psychophysical method was selected on the basis of the ease of
task and observer preferences. The advantage of magnitude estimation or
direct scaling is that the physical qualities of the stimulus are directly related
to the perceptions of the stimulus via ratio or interval scales. However, the
task involved in this method is much more complex, and requires intensive,
time-consuming observer training. It is also subject to inter-observer variation
and heuristic sensitivity. Matching experiments are usually an easier task for
the observers, and the results are more repeatable. Yet a true matching
experiment, where observers create an exact match to the stimulus, was far
too complicated to implement.
The remaining option was to utilize approximated matching in which
the observer is given a choice of samples and picks the best match. Here,
Thurstone's law of comparative
judgements43
applies via the method of
paired comparisons. This method compares two stimuli, in this case two
model predictions, at a time. The observer examines all possible
combinations of model prediction comparisons. The number of times each
model prediction is judged is equivalent to the number of models being
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examined, thus necessitating multiple, identical samples for each model
tested. The observer is asked to decide which of the two model predictions is
the better match to the test sample. The results indicate which model
prediction was chosen as the best match most often. An interval scale is
derived from the results to determine how much more often that model
prediction was chosen. It is an easy task for the observer, and the technique
is quite simple to implement.
Selecting a viewing mode necessitated weighing the advantages and
disadvantages of each method. The option of utilizing a complex optical
network was immediately eliminated due to the time and expense it
required. This left the choice between binocular matching and haploscopic
matching. While binocular matching is more natural, the results are not very
precise due to the reliance on memory. Haploscopic matching is more
precise, yet the accuracy of the results is in question due to the uncertainty of
the visual adapting process. A
successive-ganzfe/a'
haploscopic method was
created specifically for this experiment. Details of its theoretical reasoning
are in reference 44. Briefly, it is believed to allow both eyes to adapt
independently, thus improving accuracy over regular haploscopic. It also
retains the precision of regular haploscopic since the temporal differences
between viewing fields are small. This viewing mode, combined with the
paired comparison method, yielded an efficient, yet effective, experimental
design.
The paired comparison method required multiple, identical samples of
specific model
predictions'
tristimulus values. This prerequisite eliminated
the possibility of producing the
samples manually. A color printer is the most
convenient mechanical device for producing many samples, and an
appropriate calibration software can provide color accuracy. For this
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experiment, the JVC DuPont 4Cast dye diffusion printer was selected for its
high quality printout and good repeatability. However, its calibration and
gamut mapping software could not be relied on alone for accurate color
reproduction, thus necessitating an additional measurement procedure.
In summary, the following experimental design was developed to
achieve the research goals. The successive-ganzfe/d haploscopic viewing
method was selected to be used in conjunction with a forced-choice paired
comparison of model predictions. The assumptions are that inter-ocular
effects are minimized, while precision is retained, and that
observers'
decisions can be generalized to a larger population. Both test and reference
samples were produced with a dye diffusion printer. Finally, the physical
parameters of the psychophysical experiment were first determined by an
extensive mathematical testing of the chromatic adaptation models.
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MATHEMATICAL TESTING
The first step in the analysis of the chromatic adaptation models was to
examine how they would perform side by side. To judiciously limit the area
of focus of the psychophysical experiment, a mathematical analysis was
initially performed. Aspects of the chromatic adaptation models that
overlapped, or performed similarly, in the mathematical testing need not be
examined psychophysical^. Conversely, the aspects of chromatic adaptation
on which the models differed would be of great interest, and could only be
decisively examined with psychophysics. The mathematical testing was
conducted to discover the areas of color space in which the model
predictions differed. Also, it was important to isolate the illumination
environments in which differences between these predictions were
amplified.
Experimental
The mathematical analysis was limited to 40 Munsell samples. These
Munsell samples corresponded to the four unique hues, varying in three
levels of lightness and three levels of chroma. In addition, four theoretically
perfect greys were examined. These
samples'
reflectances were measured as
ten nm data, and their tristimulus values were
calculated under D65, for the
1931 Observer (2) using ASTM tristimulus
weights. These tristimulus values
are listed in Table I along with the corresponding
Munsell designations for all
original samples.
CIE standard illuminants were used for the
theoretical illumination
environments. The most commonly utilized illuminants, A, D65,
D50 and F2
(CWF), were chosen for
examination. Theoretical adapting luminance levels
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TABLE I. Tristimulus values of the 40 Munsell samples used as test samples in
mathematical testing.
Munsell Tristiimulus values Munsell Tristimulus values
# notation X Y Z # notation X Y Z
1 N10 95.04 1 00.00 108.88 21 2.5G 3/6 3.78 6.65 4.04
2 5R3/2 7.30 6.42 5.62 22 2.5G3/10 2.57 6.64 2.81
3 5R3/6 9.59 6.64 4.14 23 2.5G 5/2 16.50 19.48 17.88
4 5R3/10 12.01 6.62 2.85 24 2.5G 5/8 11.95 20.39 11.78
5 5R5/2 20.51 19.73 19.25 25 2.5G 5/12 9.00 19.18 9.00
6 5R5/8 26.32 19.39 12.68 26 2.5G 7/2 38.83 44.83 42.47
7 5R5/14 34.05 20.02 7.69 27 2.5G 7/6 31.75 43.92 32.26
8 5R 7/2 44.53 44.16 44.52 28 2.5G7/10 25.89 42.74 26.02
9 SR7/6 49.65 42.80 35.02 29 5PB 3/2 6.18 6.39 9.92
10 5R 7/1 0 57.91 44.13 29.77 30 5PB 3/6 6.30 6.40 17.13
11 5Y3/1 6.06 6.41 5.00 31 5PB3/10 6.60 6.36 26.07
12 5Y3/2 6.11 6.43 3.92 32 5PB 5/2 19.12 20.00 26.11
13 5Y3/4 6.30 6.54 1.89 33 5PB 5/8 19.47 20.09 45.28
14 5YS/2 18.51 19.72 13.88 34 5PB 5/1 2 18.56 19.20 58.05
15 5Y5/6 19.17 19.94 2.50 35 5PB 7/2 41.48 43.75 53.69
16 5Y5/8 18.72 19.78 4.58 36 5PB 7/6 40.88 43.32 71.12
17 5Y7/2 40.64 43.36 33.39 37 5PB 7/8 39.75 42.26 78.17
18 5Y7/8 40.81 43.52 10.57 38 N3 6.27 6.60 7.19
19 5Y 7/1 2 41.18 43.37 3.67 39 N5 18.82 19.80 21.56
20 2.5G 3/2 5.21 6.37 5.62 40 N7 40.96 43.10 46.93
of 31.83, 318.3 and 3183 cd/m2 (equivalent to illuminance levels of 100,
1000 and 10,000 Ix) were selected for each illuminant. Twelve illumination
environments were designed as follows. The test illumination condition was
always D65 and varied in luminance levels between 31.83, 318.3 and 3183
cd/m2. The reference illumination condition was always at 318.3 cd/m2,
regardless of the illuminant, which was varied between D65, D50, F2 and A.
Subsequently, each reference field illuminant was examine three times, each
time at a different luminance level. The tristimulus values used for the test
and reference illumination conditions are shown in Table II. Background
relative luminance was assumed to be 20%.
Corresponding colors were calculated for each of the samples, for
each illumination environment and for all chromatic adaptation models.
These calculations were performed using the Munsell Color Science
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TABLE II. Tristimulus values and correlated color temperature (CCT)
of the test and reference illumination conditions used for the
mathematical testing.
Illuminant X Y z CCT
A 109.85 1 00.00 35.58 2856
F2 99.20 100.00 67.40 4230
D50 96.42 1 00.00 82.49 5003
D65 95.04 1 00.00 108.89 6504
Laboratory Color Reproduction Software. This software requires an input of
sample tristimulus values; the corresponding color is output in tristimulus
values. The resultant tristimulus values of the corresponding colors are in
Appendix B.
To calculate the corresponding colors from some of the more
complex
models, additional information about the illumination
environment is
required. For the Hunt model, the samples were assumed to be small areas in
uniformly lit backgrounds and
surrounds. The lightness/chroma matching
mode and a normalizing illuminance of
1000 Ix were used for the Nayatani
model calculations.
Since the Hunt and Fairchild models include parameters for both
discounting and no-discounting of the illuminant,
both versions of each
model were used. Specifically, for the discounting version of the Hunt
model, Fp, FY, Fp were set to one, and pD, Yd, Pd
were set to 0. For the no-
discounting version of the Hunt model,
the abovementioned factors were
calculated using Hunt's
specified formulas. Throughout this thesis these two
versions of the Hunt model are referred to as
the complete-adaptation
version and the incomplete-adaptation version,
respectively. The calculation
of the discounting version of the
Fairchild model, referred to as the hardcopy
version, included setting the
diagonal of the A matrix to 1/Ln, 1/Mn, 1/S. For
the no-discounting version,
also known as the softcopy version, this diagonal
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was calculated as designated by the model. With the addition of these
versions, a total of nine models was tested.
Results
Examination of the resulting, extensive database of corresponding
colors was a difficult undertaking. It was found that a direct visualization
technique, where the colors were examined rather than the numbers
representing the colors, was most effective. To simplify visualization of the
extensive data base, corresponding colors were clustered into images of 40
samples in a manner similar to test targets. Each image represented the
model's prediction of the 40 original samples under a certain illumination
environment. These images were then displayed on a Macintosh color
monitor along with the images of the other
models'
predictions for the same
illumination environment. Figures 3 and 4 show two example arrangements
of these images as they were viewed on the monitor. A side by side
comparison reveals some of the distinct differences between the model
predictions. Although complete adaptation was never achieved while
viewing these images on the monitor,
the observational results are believed
to follow the general trends of color perception. The printed figures are only
marginally representative
of the original monitor image.
For a more quantitative measure of the differences between the
models, some of the model
predictions were examined in CIELAB color
space. This was achieved by converting the tristimulus values of the model
prediction into CIELAB values using the CIE tristimulus values
of the
reference illuminant as Xn, Yn and Zn. While this conversion contributed yet
another chromatic adaptation
transform to the model predictions, the
complications of the additional transformed were
overlooked because this
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FIG. 3. Printed image of the monitor screen displaying the model predictions from
D65 to D50 of 40 Munsell samples, viewed
under D50.
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FIG. 4. Printed image of the monitor screen displaying the model predictions from
D65 to A of 40 Munsell samples, viewed under A. Model predictions that are
beyond the printer's gamut are depicted as black.
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analysis was used to verify the trends found in the visual assessment, not for
specific values in itself.
The differences between
models'
predictions increase notably as the
differences in chromaticity between the reference and test illuminants
increase. Figure 3 shows the images under Illuminant D50. Comparing these
images to those in Fig. 4, under Illuminant A, larger differences are instantly
apparent between the model predictions under A than under D50.
Qualitatively, the hue differences are more pronounced as the
variation of the chromaticity of the sources increases. In Fig. 3, the
differences between model predictions of the blue hues are very small. But as
the chromaticity difference increases, as in Fig. 4, there are very distinctive
differences in the predictions of the blue hues. Some models predict a blue-
green; other models predict a purplish-blue. This is further exemplified in Fig.
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FIG. 5. Model predictions for 5PB 5/12 in CIELAB space,
from D65 318.3 at cd/m2
to D50 and A at 31 8.3 cd/m2.
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For this blue region, the differences between the models are mostly along the
a*
axis, under D50. The differences become even greater when the test




directions. Figure 6 illustrates a similar situation for 5R 5/14. For the red
region, the differences between the models are slightly smaller, but the trend
of these differences increasing from D50 to A is still distinct. Some models,
such as CIELUV and LABHNU2, even predict imaginary corresponding
colors for this red sample under A.
Similarly, disagreement in the hue prediction of the grey scale is
prominent, especially between the versions of the Hunt and Fairchild
models. Figures 7 and 8 take a closer look at the neutral scale differences.
Under both D50 and A, the model predictions for N5 are all quite similar.
However, the N7 and N3 predictions of the Hunt-incomplete and Nayatani
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FIG. 6. Model predictions for 5R 5/12 in CIELAB space,
from D65 318.3 at cd/m2
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FIG. 7. Model predictions for N3 ,N5 and N7 in CIELAB space, from D65
318.3 at
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FIG. 8. Model predictions for N3
,N5 and N7 in CIELAB space, from D65 318.3 at
cd/m2 to A at 31 8.3 cd/m2.
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this difference exists, but is no larger than 5 Ab*. Under A, Fig. 8, the
differences become about three times greater. The trends are similar under
both illuminants, where N7 is predicted as bluer than N5, and N3 is
predicted as yellower than N5. The Fairchild-softcopy model predictions are
similar to the Nayatani model's at N7, but the grey scale stays far more
constant along the
b*
axis. All neutral scale differences between the model
increase as the difference in chromaticity between the test and reference
illuminant increases.
Furthermore, differences in luminance level induce greater deviations
between model predictions. This is evinced by Fig. 9, a plot of the model
predictions of the N5 sample, as the luminance level changes. The
Fairchild-
hardcopy, Hunt-complete, von Kries, CIELAB, CIELUV and LABHNU2
models all predict quite similarly; there is little difference between
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FIG. 9. Model predictions for N5 in CIELAB space,
from D65 to A at 31 8.3 cd/m2.
D65 luminance levels vary from I
= 31 .83, m = 31 8.3, h = 31 83 cd/m2.
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Hunt-incomplete models are akin, but the locations of the predictions are
slightly shifted in color space. The performance of the Nayatani model is the
most striking example of luminance level differences. A difference of
approximately 60
Ab*
is predicted between the lowest test-field luminance
level to the highest luminance level. This is further shown in Figs. 3 and 4,
where the compression and expansion of the contrast scale change
dramatically with the change in the test-field luminance level. No other
model predicts such drastic changes influenced by luminance. Obviously
either all the other models are underpredicting the effect of luminance, or the
Nayatani model is overpredicting it.
In summary, hue changes, as well as colorfulness and brightness
contrast, are more pronounced as the illumination gap widens. The greatest
observed differences between model predictions are in hue, with chroma
and lightness being affected to a much smaller degree.
Sample Selection
Since the mathematical analysis revealed that the greatest differences
between the models appear to be in the hue dimension, the selection of test
samples for the psychophysical experiment focused on hue differences. The
models differ the most in the neutral, blue and red regions examined on the
CRT screen. There are slighter differences in the yellow areas examined, and
very few differences in the
green regions. The neutrals are quite important for
even basic color reproduction, so three were selected to provide an adequate
scale. Two samples from each of the blue, red and yellow regions were
selected to be used in the psychophysical experiment. Since models varied in
either hue direction, samples were selected from either side of the hue. For
example, the red region mathematically
examined was Munsell 5R. The two
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samples selected from this hue were approximately 7.5R and 2.5R, thus
testing the effect of each model on directional hue-shift.
Such obvious differences between the models are not as apparent in
the dimensions of chroma and value. Therefore, the greatest possible range
of chromas and values were represented in a less structured way. Values
ranged from 8 to 3 Munsell units. Chromas ranged from 0 (neutral) to 10
Munsell units. Sample selection was limited by the printer gamut, so the
chroma and values were selected for each hue with reproducibility in mind.
The resulting selected color centers are described in Table III. This table gives
their approximate Munsell notation, as they would appear under Illuminant
C, not under the test source. The ISCC-NBS color names and psychophysical
experimental set number are also included in Table III. These designations
are included to give the reader an approximation of what areas of color
space were tested, and are not meant as an exact measure. Appendix A is
also a documentation of the various notations used to designate the color
centers and the chromatic adaptation models throughout this research.
Please refer to it, if the notation becomes confusing.
Illumination Selection
One test-reference condition was used to satisfy the goal of
psychophysical^ examining
an environment with the greatest differences
between the models. The mathematical test revealed that greater differences
between the models become evident as the differences in the chromaticity
and luminance levels between the sources increase. The condition with the
greatest differences was Illuminant A and D65. Illuminant A was selected as
the test illuminant, and D65 as the reference
illuminant. This decision was
based on the need for the corresponding colors to be within the printer's
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TABLE III. Color names of the ten samples selected as color centers
for test condition of the psychophysical experiment.
Aim Approximate Munsell ISCC-NBS Set
Color Notation Color Name Number
3N 3B 3/0.5 Dark Bluish Gray III
5.5N 8B 5.5/1 Bluish Gray I
7N 4PB 7/1 .5 Light Bluish Gray VII
2.5R 0.5R 4/7 Moderate Purplish Red IV
7.5R 7R5/9 Moderate Red II
2.5Y 4Y 7/1 0 Strong Yellow IX
5Y 7Y8/5 Moderate Yellow VI
2.5G 2.5G 4/5 Dark Yellowish Green X
2.5PB 3PB 4/1 0 Strong Blue VIII
7.5PB 9PB 6/6 Light Purplish Blue v
gamut. The illumination conditions in which the greatest model differences
were apparent were between the 31 .83 cd/m2 to 318.3 cd/m2 condition, and
the 318.3 cd/m2 to 3183 cd/m2 condition. Therefore, the test illuminant's
luminance level was decided to be at least ten times less than that of the




Due to the specialized nature of the desired viewing condition, a light
booth and viewing apparatus were constructed specifically for the needs of
this experiment. The light booth portion of the apparatus is shown in Fig. 10.
The experimental booth appearsto be two light booths joined side to side,
however, it is actually just one booth with two compartments divided by a
thin central partition. It was constructed to contain the light within each
compartment so that one source cannot influence the other. The proportions
of the light booth were determined by the size of the available standardized
sources. Two removable light trays from DianoLite light booths were fitted
into the experimental booth. These trays included electrical wiring and
sockets, and performed their function in the experimental light booth as they
had in the original DianoLite booths. The diffusers from the original booths
were also similarly fitted into the experimental booth. The exterior of the
FIG. 1 0. Schematic diagram of light booth used for psychophysical experiment.
40
booth was painted black, while the interior was painted a grey close to N5.
Besides the fact that there were two independent light sources in the booth,
nothing else was unusual about this booth design.
The interior of the each compartment was fitted with a small
presentation easel, also painted the same mid-grey. The angles of the easels
were adjusted to appear equal, and yet allow more light to fall on the left
easel, thus increasing the visually perceived luminance on the left. Both
crossbars were placed at the same height so that sample comparison would




The sources placed in the right compartment of the booth were three
60-watt Sylvania Lumiline incandescent bulbs, similar to Illuminant A. A
lower luminance level was desired for this compartment, so two layers of
fine, black polymer mesh were laid across the diffuser under these bulbs. In
the left compartment, eight 20-watt Macbeth D6500 fluorescent bulbs were
installed. Because of the instability of these fluorescent bulbs, a power source
stabilizer was employed for the duration of the experiment. No adjustments
were made to the diffuser on the left half of the booth.
The spectral power distributions (SPD) and luminances of both these
compartments were measured with a PhotoResearch PR703 using
SpectraStart software. Pressed halon was used to approximate a perfect
reflecting diffuser. Ten measurements were
averaged for each reading. A
warm-up time was determined
for each source, and measurements were
made only after each source had sufficiently
stabilized. For the incandescent
source, the warm-up time was only thirty minutes, while the simulated
daylight source required 24 hours. The PR703 measures every two nm, with
a five nm bandpass. Ten nm data were calculated from the more extensive
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spectral data and this information is in Appendix C. The SPD's of these
sources are shown in Fig. 1 1 . They corresponded very nicely to D60 and
Illuminant A. Table IV contains the calculated tristimulus values, luminance
and correlated color temperature of these sources.
Viewing Apparatus
While the viewing apparatus is explicitly detailed in reference 44, an
overview follows. The desired
successive-ganzfe/a'
haploscopic method
required independent viewing with each eye. Therefore, the viewing device
was designed to restrict each eye to viewing only one compartment of the
light booth. The right eye could only see the right compartment with the
incandescent source, while the left eye could only view the left compartment
with the simulated daylight source. As can be seen in Fig. 1 2, the device also
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FIG. 1 1 . Spectral power distribution of the two sources used in the psychophysical
experiment. The distributions are normalized to 560 nm.
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mechanism blocked one eye's view of its corresponding compartment with a
Mylar diffuser, while the other eye was free to view the stimuli in its
corresponding compartment. When the observer wanted to look at the other
compartment, a foot pedal was engaged. This resulted in the previously
blocked eye now viewing its compartment freely and the previously
unrestricted eye's view was blocked by another diffuser. The operation of the
shutter was very simple, and observers did not appear to be confused by or
biased towards it.
4SL
FIG. 12. Diagram of shutter mechanism designed for successive-ganzfeld
haploscopic viewing. Shutter operation is controlled by use of a foot pedal.
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The rest of the viewing apparatus consisted of black velvet curtains
and black mat board strategically placed on the viewing device at the
opening of the light booth to restrict stray light. While performing the
experimental tasks, observers were unaware of the lighting outside the booth.
Even so, care was taken to have the external area be sufficiently darkened.
The room in which the observations took place was small, isolated and free
from disturbances.
Test Sample Preparation
The selected target colors for the test samples were printed on a
DuPont 4Cast digital color printer using a look-up table with multi
dimensional interpolation software.45 This software allowed for a close
match between tristimulus values and the printed sample. A single test
sample was a printed colored patch 0.75 inch square with a 0.75 inch
surround close to N5. Both colored area and surround were one continuous
printed sheet, and therefore, the surround varied slightly from sample to
sample, as did the actual colored patch. The size of the colored area was
determined to take up
2.7
of the visual field when presented on the easel.
Once printed, the samples were mounted on medium grey mat board
with double-sided plastic carpet tape. These test samples were then
measured with a Gardner Color-View spectrophotometer, using the small
(0.3 in.) aperture and lens option. An average of three measurements was
used for each reading. Since the instrument has a 45/0 geometry, the effect of
gloss was naturally excluded from the measurements. The spectral
reflectance curves were used to calculate tristimulus values under the
measured incandescent source using the 1931 (2) standard observer. In this
investigation, tristimulus weights were not used to calculate tristimulus
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values. The spectral data can be found in Appendix D, while the tristimulus
values are in Table V.
Reference Sample Preparation
Using the tristimulus values of the test samples, the corresponding
colors under the simulated daylight source were calculated for each of the
chromatic adaptation models being investigated. All calculations, like those
for the mathematical analysis, were performed using the MCSL Color
Reproduction Software. These are presented as tristimulus values in Table VI.
Since some of the predictions between models were very similar, for
instance, CIELAB and von Kries models predict similar neutrals, CIELAB AE*'s
were calculated between all the predictions of all the models within each
color center. The between-model AE*ab values are in Appendix E. Only in the
neutrals were these between-model AE*ab's less than 2.00. For the few that
were, they were assumed to be the visually equivalent and were averaged
together. Table VII shows the eight situations in which averaging was
performed and the resulting tristimulus values. Averaging allowed the size of
the experiment to be reduced by 1 4% fewer judgements.
TABLE V. Tristimulus values of the test samples,
calculated with 1931 observer and the incandescent
source.
Munsell Tristimulus values Set
hue notation X Y Z number
3N 6.94 6.30 1.80 III
5.5N 28.23 25.20 7.04 1
7N 48.76 42.98 12.02 VII
0.5R 27.61 16.58 2.08 II
7R 44.15 27.78 2.55 IV
4Y 62.95 49.14 3.06 IX
7Y 56.41 46.85 5.20 VI
2.5G 11.92 13.12 2.93 x
3PB 8.68 10.41 9.07 VIII
9PB 24.84 21.90 9.42 V
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TABLE VI. T!he moclei predliction:; of each color center in tristimulus values , used
for the; psychophysical experiment. M-hn stands for Muinsell hue notation.
CIELAB Fairchild softcopy LABHNU2
M-hn X Y z M-hn X Y Z M-hn X Y Z
3N 5.67 6.23 7.04 3N 7.32 7.72 5.80 3N 5.64 6.23 6.59
5.5N 23.07 25.20 27.60 5.5N 29.66 31.19 22.90 5.5N 22.96 25.20 26.21
7N 39.84 42.98 47.12 7N 51.18 53.19 39.09 7N 39.74 42.98 44.73
.5R 22.56 16.58 8.15 .5R 26.94 19.86 8.44 .5R 23.74 16.58 12.09
7R 36.07 27.78 9.98 7R 42.64 33.11 11.67 7R 37.74 27.78 18.26
4Y 51.44 49.14 11.99 4Y 60.13 58.43 16.68 4Y 52.29 49.14 29.12
7Y 46.09 46.85 20.38 7Y 54.99 56.23 21.87 7Y 46.41 46.85 32.73
2.5G 9.74 13.12 11.49 2.5G 12.40 16.11 9.96 2.5G 9.32 13.12 12.20
3PB 7.09 10.41 35.55 3PB 12.45 14.25 25.62 3PB 6.66 10.41 21.84
9PB 20.30 21.90 36.92 9PB 27.72 27.81 28.58 9PB 20.25 21.90 29.01
CIELUV Hunt - complete Nayatani
M-hn X Y Z M-hn X Y Z M-hn X Y Z
3N 5.59 6.23 6.42 3N 5.03 5.40 5.89 3N 8.71 9.27 13.89
5.5N 22.80 25.20 25.68 5.5N 20.73 22.31 24.21 5.5N 21.63 23.38 22.46
7N 39.56 42.98 43.86 7N 36.92 39.15 43.10 7N 31.39 33.53 27.93
.5R 25.10 16.58 14.11 .5R 19.04 14.24 7.60 .5R 21.78 17.43 14.51
7R 39.73 27.78 22.36 7R 30.71 24.30 9.52 7R 29.53 24.73 15.48
4Y 53.61 49.14 37.02 4Y 43.13 44.97 11.65 4Y 36.27 36.61 16.46
7Y 47.05 46.85 37.99 7Y 39.00 42.85 18.99 7Y 33.86 35.49 19.96
2.5G 8.84 13.12 12.31 2.5G 8.20 11.41 10.04 2.5G 11.83 15.14 16.22
3PB 5.83 10.41 18.34 3PB 9.11 9.06 28.53 3PB 10.50 13.02 24.87
9PB 20.02 21.90 26.52 9PB 19.81 19.27 31.92 9PB 20.26 21.27 25.26
Fairchild - hardcopy IHunt - incomplete von IKries
M-hn X Y Z M-hn X Y Z M-hn X Y Z
3N 6.80 7.32 8.03 3N 4.51 5.08 8.49 3N 5.78 6.24 7.04
5.5N 27.47 29.52 31.61 5.5N 20.26 21.88 21.56 5.5N 23.40 25.23 27.60
7N 47.39 50.34 53.97 7N 36.47 38.51 33.16 7N 40.49 43.02 47.12
.5R 23.70 18.41 10.85 .5R 19.20 13.92 10.14 .5R 22.26 16.30 8.15
7R 37.07 30.59 14.49 7R 31.64 23.91 11.62 7R 34.76 27.38 9.98
4Y 51.27 53.95 19.85 4Y 45.68 44.26 13.22 4Y 46.54 48.89 11.99
7Y 47.71 52.24 27.84 7Y 40.78 42.12 18.13 7Y 42.39 46.73 20.38
2.5G 11.27 15.19 13.55 2.5G 7.74 11.06 11.85 2.5G 9.15 13.22
11.49
3PB 14.04 14.25 37.20 3PB 7.22 8.73 24.03 3PB 10.61 10.56 35.55
9PB 26.96 26.71 40.42 9PB 18.47 18.86 26.25 9PB 22.62 21.93 36.92
The identical printer and software used to print the test samples were
used to print the reference samples. Unfortunately the task was far more
complex when attempting to
match the exact corresponding colors that the
models predicted. All but five of the 76 model predictions were within the
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TABLE VII Tristimulus values of averaged model predictions. Averaging was
performed in CIELAB space.
Munse" initial AveTa^ed































































1.15 39.65 42.98 44.29
printer's gamut to 2.00 AE*ab's. It was decided to use a AE*ab of 2.00 as a
tolerance since the variability of the printer was so great and the difference
between model predictions so large. In most cases the reference samples
were under 1 .50 AE*ab-
The following method was used for producing the reference samples.
A printer digital count prediction was made to a target model prediction's
tristimulus values. This digital count prediction was printed 15-20 times as
sample patches on a single print sheet, creating many repetitions of the same
target reference sample. These samples were then cut apart and measured on
the Gardner Color-View in the same manner as the test samples. A square of
mat board was placed behind each sample as it was measured to simulate its
final, mounted presentation. Using the calculated corresponding color as the
standard, a AE*ab was calculated between each reference sample repetition
under the simulated daylight source. If these AE*ab's were below 2.00, the
samples with the smallest AE*ab were selected for mounting. Often the printer
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digital count predictions resulted in too large AE*ab's, so the process became
iterative in an attempt to get the best possible matches. All in all, over 2,500
individual samples were printed, while only 618 were actually used in the
experiment.
For the few model predictions that were beyond the printer's gamut,
the closest possible match was made. These matches followed the general
trend of the predictions, and were used for judgement in the experiment. It
was decided that it was better to have the data, and decide it was invalid
after the experiment, than not to have the data at all. The matches that were
far outside the printer's gamut are listed in Table VIII.
The mounting procedure for the reference samples
involved
randomizing the match pair presentation
sequence. First, the ten color
centers were randomized. For each color center, referred to as sets for the
rest of this paper, all possible model prediction combinations
were then
ordered alphabetically, and then this order was
randomized. Finally, the left
and right positions on the match pair cards were randomized. The samples
were mounted in this determined sequence on rectangles of medium grey
mat board. No area was left between the samples; the printed edges were in
contact. Figures 13 and 14 show the actual size and mounting method
of a
test sample and a reference match pair sample.
Appendix F documents every
match pair used in the experiment with information on sample
presentation
order and position, tristimulus values,
AE*ab's of the model prediction, and,
AE*ab's of the paired predictions.
Pilot Experiment
It was necessary to test
the performance of the singular light booth and
successive-ganzfe/c/ haploscopic device before proceeding
with the entire
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TABLE VIII. The model predictions that were
out of the printers' gamut and the
corresponding AE*ah's.
Munsell minimum maximum
model hue notation AE*ab AE*ab
Fairchild - 7R 6.35 7.66
softcopy 4Y 9.18 9.94
7Y 2.70 3.37











FIG. 14. Actual size example of a reference-field match pair sample.
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experiment. A simple small-scale experiment was designed as a pilot
experiment and was limited to three sets of ten judgements each. The sets
selected were the three neutrals, 3N, 5.5N, and, 7N. Five chromatic
adaptation models were used: Fairchild hardcopy, Hunt complete
adaptation, Nayatani, CIELAB and CIELUV. This experiment also examined
the differences between haploscopic and successive-ganz/e/c/ haploscopic
and is described in detail in reference 44. For the purposes of this research,
only the details pertaining to the flow of the experiment will be discussed.
The procedure for performing observations involved seating the
observer correctly and having the observer learn how to use the equipment.
The observer sat at the light booth with his/her face in contact with the
viewing apparatus. Once the eyes were properly aligned, the observer was
instructed not to move his/her head from that location for the duration of one
set of judgements. Each set of judgements began with the test sample placed
on the easel in the right compartment. The observer was then shown how to
place the match cards, the mounted model prediction comparison pairs, on
the easel in the left compartment without removing the eyes from the
apparatus. Once situated, the observer learned how to manipulate the shutter
mechanism with a foot pedal. When the observer felt comfortable using the
equipment, a trial judgement was demonstrated. The instructions follow:
In this experiment you are asked to carefully examine printed
samples, and decide which is the best color appearance match. On
the right side of the booth is the sample to which you will be
matching. The left side of the booth contains the match choices. You
must decide which of the two samples on the left appears most like the
sample on the right. When you have selected a match, announce the
sample number (i.e., C-1) and the chosen match, left or right. Even if
both choices look the same you must select one.
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There are three sets of ten observations. Before each set you will be
adapted to the viewing condition by looking into the booth for 60
seconds. If for any reason you must move your head away from the
viewing apparatus, please adapt again for 60 seconds. The samples
used for this experiment are easily damaged by skin contact. Please do
not touch the samples with bare hands. Always use the provided
gloves when manipulating the samples.
The observers were supplied with white cotton gloves to handle the
printed samples. Questions about the task were encouraged, and the
experimenter was present during the entire process since she was recording
the judgements. In all, ten observers performed the pilot experiment,
resulting in 300 judgements.
Pilot Experiment Results
Figure 1 5 is a graph of the pilot experiment results in terms of z-score
values calculated across the three sample sets. The computation and
interpretation of z-score values is thoroughly discussed in the Results section.
The pilot experiment z-score values clearly show that the version of the Hunt
model used was preferred over all the other models. Furthermore, there is no
statistically significant difference between the CIELUV, Nayatani, and CIELAB
models'
performances, which are second best in quality. The Fairchild model
performs the worst.
While these results are not very revealing, what was learned from the
process was quite useful. Many observers commented on ways to improve
the coordination of the task. It was made clear that some observers did not
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FIG. 1 5. Pilot experiment overall z-score values vs. models.
some observers may have been matching the whole sample, instead of just
the center colored patch. Also, print quality may have been taken into
account, rather than the judgement being based solely on color. This vital
information was easily utilized in improving the larger experiment's observer
instructions.
Observer Instructions
The larger experiment was performed in almost the exact manner as
the pilot experiment. There were two exceptions. More detailed instructions
were given to the observers, and the experimenter asked questions to discern
if the task was understood. The other exception was in the handling of the
judgement data.
Instead of having the observer announce which sample was the best
match, which required the presence
of the experimenter at all times, a new
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method was devised. For each set, a basket divided into two parts, left and
right, was prepared. The observer then had only to place the match card in
the division corresponding to the judgement, left or right. This method
allowed judgements to be made more quickly and allowed the decision
process to be the task in focus.
The instructions to the observers were as follows:
In this experiment you are asked to carefully examine printed
samples, and decide which is the best color appearance match. On
the right side of the booth is the sample to which you will be
matching. The left side of the booth contains the two match choices
on a single card. You must decide which of the two sample choices on
the left appears most like the sample on the right. Toggle back and
forth between the two sides by using the foot pedal. At no time will
you ever see both the right and left sides simultaneously, so you must
remember what you see between toggles.
You are matching only the center portion of the samples. Do not let
such factors as variations in background, differences in print quality
(i.e., streaks or registration errors) or condition of samples affect your
decision. You are judging the match on color appearance alone.
Once you have selected the match, place the sample card in the
basket on the side corresponding to the match. For example, if the left
sample is selected as the better match, the sample is placed on the left
half of the basket. Continue the process for each card. Do not be
concerned if it seems you are always selecting left or always selecting
right. The important task is to make sure you judge each match card
individually and accurately. There are no wrong answers. However, if
both choices look the same, you must select one. You can guess at
that point. If both choices look nothing like a match, you must still
choose one as the better match. An example will be demonstrated.
There are ten sets of observations. These are numbered in roman
numerals. Within each set, there are from 1 5-36 samples, numbered
normally. Please always go in order.
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Before each set you will be adapted to the viewing condition by
looking at the right side of the booth for 60 seconds. If for any reason
you must move your head away from the viewing apparatus, please
adapt again for 60 seconds. The samples used for this experiment are
easily damaged by skin contact. Please do not touch the samples with
bare hands. Always use the provided gloves when manipulating the
samples.
Again, observers were encouraged to ask questions. During the
observations, the experimenter was in proximity, so observers could ask
questions throughout the experiment. Most observers completed the
experiment in one 1 1/2 hour session. Two observers preferred to spread the
task over two sessions of 45 minutes each. In all, 26 observers performed the
experiment; ages ranged from 20 to 60; the median age was 34.5. Subjects
were evenly divided between male and female, and many nationalities were
represented. It may be important to note that as the experiment progressed,
the viewing apparatus seemed to function less effectively. Subjects observing
later in the experimental run had more problems with the mechanism, and
may have made their judgements more hastily because of it. The significance
of this will be discussed in the later sections.
Acceptability
The scope of the experimental design did not include acceptability
judgements. Unfortunately, this is often the information of most interest to
those who wish to implement adaptation transforms. To provide at least
some measure of the acceptability of the model predictions, a simple,
qualitative visual analysis was performed by the experimenter. This inquiry
was conducted by arranging the samples as they were for the above
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experiment, one set at a time. The experimenter adapted for one minute and
followed the same experimental procedure with a simple change in
judgement. Instead of deciding which of the two choices were the best
match, the decision was made whether either of the matches were
acceptable. Acceptable was defined as: would a customer in an imaging field
accept this color as a match? Observational notes recorded the nature of
discrepancy if the match was determined to be unacceptable. While this
method was not rigorously scientific, it does provide a measure of how good
the matches are for industrial quality control.
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RESULTS
Calculation of Interval Scale Values
The psychophysical data were collected using the method of paired
comparisons. This technique was derived by Thurstone in his law of
comparative judgements,38 which takes raw judgement data and analyzes it
using z-score values. An example of this calculation is shown in Tables IX-
XII. The z-score values are calculated by first determining the frequency
matrix of the judgements, shown in Table X. Next, the frequency matrix is
divided by the number of judgements, in this case 26 observers, to produce
the proportion matrix, such as Table XI. Finally, z-score values are calculated
from the proportion matrix and summed, as in Table XII. The summed z-
score values construct an interval scale that retains the visual uncertainty
determined by the experimental design.
Z-score values at 0 and 1 .00 are defined as infinity. Consequently, this
method cannot be meaningfully applied for judgements with very little
observer noise. For such circumstances, Bartleson described a logistic
function that can be alternately used to calculate an interval scale
value:46
V = ln[(fij +0.5)/(N-fij +0.5)], (26)
where i and j designate row and column, and N is the number of times
judged; f is the frequency of a judgement. This logistic scale value function is
linearly related to the z-score function, except it is defined at 0 and 1 .00. For
26 observers, its relationship to the z-score
function is very linear, as shown
in Fig. 16. Again, the resulting logistic scale is an interval scale in terms of
visual uncertainty.
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TABLE IX. Example z-score calculation begins with a) raw data
and b) totals determined for each sample pair.
a. sample pair
subjct 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15
1 L L R R L L L R R L L R
2 R L R R R I R L L R R L L
3 L R R R L ( R L R L L R L
4 R L R R R t R L L L R L L
5 L L R R L t L L L R L L L
6 L L R R L R L L R L L L
7 L L R R L L L R L L R L
8 R L R
__
R R R L L L R L R
9 L L L L R t R L R L L R L
10 L L R R R L L R R I R L R
11 L R R R R R L R R 1 R ( L L
12 L L R R R L L R R L L L L
13 L L R R R L L R R 1I R ? L L
14 L R R R R R L R L I R L L
15 L L R L R R L L L I R L L
16 R L R R R R L R R I R L L
17 L L R R R L L L R 1 L L L
18 L L R R R R L L R I R L L
19 L L R R R ( R L R R t R L L
20 L L R R R R L R R 1 R I L L
21 L L R R L i R L L L I R 1 R L
22 L R R R R R L R R L R 1 L L
23 L L R R R 1 R L L R L R 1 L R
24 L L R R R I L L R R L R I L L
25 R L R R L 1 L L L R t R I L L
26 L L R R R 1 R L R R L R L R L
presentation order
b. 1 2 3 4 5 6
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In Sets III and X, observer data show very little noise; several match
pair frequencies are 0 and 100%. For these two sets, the logistic function,
instead of the z-score function, was used to generate interval scale values.
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The z-score function was used to calculate the interval scale values for the
remaining eight sets, as well as for the overall analyses. The calculations of
the z-score values and logistic scale values for each set are shown in
Appendix H.
TABLE X. Example calculation continues with a
determined from data in TABLE IX.b.
proportion-matrix







0 2 22 19 21
24 0 25 24 25
4 10 5 8
7 2 21 0 15
5 1 18 11 0







SUM 47 6 103 67 73 94 390
TABLE XI. Example calculation continues with frequency matrix
calculated from TABLE X using 26 observations per model
prediction.
FH FS HC LB/VK LV/HN N/HI
FH 0.50 0.08 0.85 0.73 0.81 0.73
FS 0.92 0.50 0.96 0.92 0.96 1.00
HC 0.15 0.04 0.50 0.19 0.31 0.35
LB/VK 0.27 0.08 0.81 0.50 0.58 0.69
LV/HN 0.19 0.04 0.69 0.42 0.50 0.85
N/HI 0.27 0.00 0.65 0.31 0.15 0.50
SUM 2.31 0.73 4.46 3.08 3.31 4.12
TABLE XII. Example calculation finishes with the conversion of
frequencies to z-score values, and then summing the z-score
values for each model.
FH HC LB/VK LV/HN N/HI
FH 0.00 -1.41 1.04 0.61 0.88
HC 1.41 0.00 1.75 1.41 1.75
LB/VK -1.04 -1.75 0.00 -0.88 -0.50
LV/HN -0.61 -1.41 0.88 0.00 0.20
N/HI -0.88 -1.75 0.50 -0.20 0.00
SUM -1.12 -6.32 4.17 0.94 2.33 0.00
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FIG. 1 6. Logistic scale values vs. zscore values, for 26 observers.
Z-score Analysis
All the following z-score and logistic scale value comparison plots are
arranged similarly. The mean scale value is represented by a large dot, with
positive and negative error bars extending from the mean. The 95%
confidence limits for the z-score values are 1 .39 units, and the logistic scale
value 95% confidence limits are 2.21 , for 26 observers. If one
models'
mean
point lies within the confidence limits of another model, those
models'
predictions are considered to be not significantly different. If the mean point
lies outside the confidence limits of another model, those models are
significantly different. All plots are z-score values vs. models or logistic scale
values vs. models. The models are plotted in descending interval scale value
order; the first model plotted is always the prediction most often chosen as
the best match.
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Figure 1 7 shows the plot of the z-score values calculated for all ten
sets together. The higher the score, the more often that model's predictions
were selected as the best match. It is obvious by inspection that the softcopy
version of the Fairchild model is picked the least. This version of the model
was included out of curiosity. Furthermore, the assumption that the stimulus
is a softcopy does not truly apply to the psychophysical test. Therefore, the
results of this model version are removed from further calculations and
analysis. Figure 18 shows the overall z-score values, across all sets,
excluding the Fairchild softcopy model data from the calculation. The results
are still similar, but the scale is now more sensitive. Only a slight change is
evident in the performance of the Nayatani and von Kries models.
Another important aspect of these calculations is that the out-of-gamut
model predictions have been removed from the calculations. It was decided
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FIG. 18. Overall z-score vs. models for eight models. The Fairchild softcopy
version is excluded from the z-score calculation.
gamut model predictions, since the former do not adequately represent the
prediction of the corresponding model. Three of the five out-of-gamut
predictions were from the Fairchild softcopy model; this means only two
more model predictions are eliminated from the analyses. The overall z-score
calculations, as well as the individual
sets'
z-score calculations, do not
include out-of-gamut predictions. The presentation of the results is grouped
by hue.
Neutrals
The analysis begins with the neutrals. Figures 19-21 show the z-score
and logistic scale value plots for the three neutrals. It is important to
remember that many of the model
predictions have been averaged, and are
denoted by a / between model names. As previously mentioned, these model
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predictions were averaged because individually they were not visually
different from each other. Therefore, the averaged model prediction





















































































FIG. 21 . Z-score vs. models for 7N (Set VII).
F-h LAB/vK
Figures 19-21 reveal that the Hunt-complete model performance is
consistently the best for predicting neutrals. Yet, for both N5.5 and N7, The
Nayatani model predictions are not significantly different from those of the
Hunt-complete model. This is true even though there is a difference of 5.14
and 13.79 AE*ab's between the predictions, respectively. The Hunt-
incomplete version also performs the same as the Hunt-complete version for
N5. The CIELUV and LABHNU2 model predictions are invariably in second
place, across the neutrals. Conversely, the quality of the Nayatani model's
predictions is not consistent across the neutrals. At N3 it is the worst
prediction, with observers commenting it was far too blue. For N5.5 and N7,
this model predicts very well. The CIELAB and
von Kries model predictions
decrease in quality as the neutrals lighten.
At N3 it is second best, at N5.5 it
is a low fourth, and at N7 it is the worst. The Fairchild model predictions
follow a similar trend, performing worse than
von Kries at N3 and N5.5, and
not significantly different from
von Kries at N7.
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Hue Results
Figures 22 and 23 show the z-score values vs. model plots for the reds.
In these cases, the Hunt-incomplete version is the clear winner. Far behind in
second place is LABHNU2 and then the Hunt-complete version. Qualitative
visual analysis gave the same results, and the Hunt-incomplete model
prediction was a very close match to the test sample for both reds. All the
other predictions were not acceptably close, and some were even very poor.
The common mistake was mostly in hue; most model predictions appeared
far too orange. The three best models are the same across both reds. The
other
models'
performances don't pursue any obvious patterns. The only
notable trend is that the Fairchild model predicts the worst in both cases.
The results from the yellow region are shown in Figs. 24 and 25. The
Hunt-incomplete version is significantly better than all other models. In both
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FIG. 23. Z-score vs. model for 7R (Set II)
model predictions are not significantly different in the 7Y set, but it is not
known how CIELAB performs in the other case since this prediction was
outside the printer's gamut. The Hunt-complete version and the LABHNU2
predictions are also not significantly different, and they are consistently a
medium quality prediction. The von Kries, Fairchild and CIELUV predictions
are steadily the three lowest in quality
for both yellows. Interestingly, viewing
these predictions qualitatively revealed that many predictions appeared quite
similar. There were more "good
choices"
in this region than there were in
most of the other hue regions. Many would pass inspection in an industrial
setting.
Only one set represents the green region,
and this logistic scale value
plot is shown in Fig. 26. Surprisingly, the Hunt-complete model prediction is
much better than all the others, with the Hunt-incomplete prediction is a far
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FIG. 25. Z-score vs. model for 7Y (Set VI)
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In fourth, CIELAB and von Kries are also not significantly different. In a
distant last are the Fairchild and Nayatani model predictions. Visually, these
last two predictions were both far too light to be acceptable, while the
Nayatani prediction was also too low in chroma. Qualitatively, the Hunt-
complete prediction was a very good match. The others were close, except
the last two, but probably wouldn't be acceptable in an industrial quality
control situation.
Finally, the results from the two sets in the blue region are shown in
Figs. 27 and 28. Once again the Hunt-incomplete predictions perform much
better than the other predictions. The Hunt-complete model also comes in
second for both blues. The Fairchild model performs its best for the low
chroma, 9PB, yet it predicts the high chroma 3PB quite poorly. At mid-
quality, the Nayatani and von Kries model predictions are not significantly
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FIG. 28. Z-score vs. model for 9PB (Set V)
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model significantly. The two LABHNU2 predictions are quite poor, and both
CIELUV and CIELAB predictions are consistently the worst. Unfortunately,
the qualitative analysis revealed that most of these predictions are not even a
reasonably close match to the test sample. In both sets, the Hunt-incomplete
prediction was very good, and the only one acceptable. The predictions
varied wildly in all three color dimensions, with the hue being the most
deviant.
Chroma and Value Trends
Comparing Figs. 19-28 across hues by chroma and value yields no
definitive trends. The only observation to be gleaned is that the Nayatani
model predictions seem to improve slightly with increasing lightness. At low
chroma and low value, Figs. 19 and 26, the Nayatani predictions are the
worst. For the high values with variable chromas, Figs. 21, 24 and 27, the
Nayatani predictions are second best or are not significantly different from
first.
A more occasional tendency exists between the two versions of the
Hunt model. For the neutrals, the complete model clearly predicts better than
the incomplete version. This is also true for the low chroma, low value green
region shown in Fig. 26. However, in all the highly chromatic sets the
incomplete version is the clear winner, with the complete model coming in
either a distant second or third. Of all the Hunt-complete version predictions,
the worst performance is in the yellow region. The remaining
models'
performances follow no tendencies in the hue, chroma or lightness
dimensions of color space.
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Overall Analysis
An overall feeling for these results can be found by looking back at
Fig. 18. Across all sets, the model that performs the best is the Hunt model.
The incomplete version performs slightly better than the complete model, but
this difference is not statistically significant. Far behind the Hunt versions, in
third place are the models of LABHNU2, Nayatani, von Kries and CIELAB, in
order of performance. These
models'
performances are only of medium
quality, and the four are not significantly different from each other. In last
place are the CIELUV and Fairchild hardcopy models These two are also not
significantly different from each other. The overall z-score analysis is an
indicator of how well these models perform in many areas of color space.
The performance of a model in a multi-color situation, such as a test target, is
of great interest since rarely is one interested in a single area of color space.
To summarize the results, Table XIII displays a rank order scale. The
rank of the
models'
performance is displayed by hue set, with 1 being the
best and 8 being the worst. The mean rank indicates the overall performance.
The results are exactly the same as for the z-score and logistic scale value
analyses, but are organized in a more readable manner.
TABLE XIII. Rank order of model performance of all sets.
Hue Name N N N 0.5R 7.5R 4Y 7Y 2.5G 3PB 9PB
Value/Chroma 3 5.5 7 4/7 5/9 7/10 8/5 4/5 4/10 5/6 avrg mean
Set# III I VII II IV IX VI X VIII V total rank rank
Hunt-i 7 1 3 1 1 1 1 1 1 1 18 1.8 1
Hunt-c 1 1 1 3 3 3 4 2 2 2 22 2.2 2
LABHNU2 2 4 3 2 2 3 4 3 5 6 34 3.4 3
Nayatani 8 1 1 3 6 2 2 7 3 5 38 3.8 4
von Kries 2 4 7 7 4 3 6 5 3 4 45 4.5 5
CIELAB 2 4 7 5 6 2 5 8 39 4.9 6
CIELUV 2 4 3 6 4 7 8 3 7 6 50 5.0 7
Fairchild-h 6 8 3 8 8 6 7




This research was conducted to determine which chromatic
adaptation model predicted the effects of chromatic adaptation the best. The
criterion for evaluating the models is which model prediction was chosen as
the best match to the test sample.The data show that the Hunt model clearly
predicts better matches than all the other models tested. The match
predictions of the Hunt model are superior in each of the ten color centers
examined, and overall the sets combined. One may conclude that the Hunt
model is the chromatic adaptation model to implement for simple-field,
object colors.
Nevertheless, this conclusion would be hasty, because a significant
problem arises when examining the performance of the Hunt model. Two
versions of the model were tested, and their overall performance differences
are not statistically significant. However, in different areas of color space, the
two versions perform quite differently. In the low chroma area of color space,
the complete-adaptation version predicts the best matches, while in the same
areas the incomplete-adaptation version predictions are much less accurate.
The opposite occurs as chroma increases, with the incomplete-version
always predicting the best matches, and
the complete-version performing
less accurately. It appears that the incomplete-version is overpredicting the
Helson-Judd effect in the neutrals. Whatever the reason, just one version of
the Hunt model does not accurately describe all areas of
color space.
The performance of the other models is generally inconsistent. It is
surprising that LABHNU2, Nayatani,
von Kries and CIELAB models perform
similarly overall. The
von Kries and CIELAB models are both very simple,
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and LABHNU2 is only slightly more complicated. The Nayatani model is
many times more elaborate. Similar performance among these models
indicates that additional alterations of the latter models did not necessarily
result in improvement. Even that CIELAB and von Kries perform similarly
implies that the mere transform to fundamental primaries is an insignificant
step.
While the interval scale data does not reveal the match errors of the
model predictions, the visual assessment provides additional information on
the topic. Some trends are especially apparent with the Nayatani model; it
seems as if this model consistently overpredicts the color appearance effects.
This model's predictions were often much lower in chroma and lightness
than the other model's predictions. Such observations indicate that the
Nayatani model overpredicts the Hunt and
Stevens'
effects. Additionally, the
Nayatani model prediction for N3 was far too blue, which implies the
Helson-Judd effect is also overpredicted. Perhaps if the factors for the color
appearance effects were scaled back, the model would perform much better.
Still, it is impossible to dissect various aspects of each model in terms of
performance using only the data collected.
The two models with the most inferior performance are CIELUV and
Fairchild. Again, it is surprising that the Fairchild model does not perform
better than the simpler models. That this model performs the worst points to
some intrinsic model error. Somewhere in the theory of this model, the von
Kries transform is being incorrectly modified. In the mathematical testing, this
model's predictions are similar to the von Kries and Hunt
models'
predictions
when the luminance level is held constant. Obviously it is the luminance
level adjustment that is effecting performance. Published field trials of this
model have examined the softcopy version; the hardcopy version has not
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previously been field tested with simple-field object colors. More
specifically, as the luminance changes, lightness is incorrectly predicted.
Previous hardcopy examination of the Fairchild model did not uncover this
incorrect prediction of lightness because images were used instead of simple-
field colors.
A Closer Look at the Hunt Model
Since the Hunt model has been shown to be the most effective
chromatic adaptation model, a more detailed examination of its performance
is included. Two versions of the Hunt model have been tested, and neither
performs the best consistently across color space. Side by side comparison of
these two
versions'
predictions reveals underlying trends. Perhaps the best of
each version can be used to develop a single, improved model that performs
dependably across all of color space.
Figure 29 is a plot of the model predictions of the grey scale, in
CIELAB space. This is the area of color space in which the complete-
adaptation version performs the best, and its predictions were observed to be
acceptable matches. The complete version's predictions are contained within
a small area of color space. The incomplete-adaptation version covers more
color space, and clearly demonstrates the Helson-Judd effect. The dark grey
is much bluer and more chromatic than the mid-grey; the difference between
the dark grey predictions is 12.08 AE*ab. The light grey is much yellower and
more chromatic than the mid-grey; the difference between the light greys is
1 1 .93 AE*ab. The results show that the incomplete version is overpredicting
the Helson-Judd effect. An improved Hunt model should retain the correct
performance of the complete version and eliminate the overprediction of



















FIG. 29. Hunt model neutral predictions in the
a*b*
plane of CIELAB space.
While the same analysis is applied to the more chromatic color
centers, the conclusions drawn are different. The chromatic color centers are
shown in Fig. 30, plotted in CIELAB space. For all of these color centers,
except 2.5G, the best predictions are those of the incomplete-adaptation
version. These were also judged as acceptable matches. The differences
between the two
versions'
predictions are quite large, but not with a
distinctive inclination. There are no obvious trends. Excluding the green
color center, the smallest AE*ab is 7.81 between the moderate yellow (7Y)
predictions, and the largest AE*ab is 15.56 between the strong blue (3PB)
predictions. It is difficult to extract how the factors included in the
incomplete-adaptation version result in a better performance than that of the
complete-adaptation version. Whatever the mechanism, it has the correct
effect and should not be altered. An improved Hunt model should include
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The incomplete version's performance for the dark yellowish green
color center (2.5G), however, raises some questions. This sample seems to be
no less chromatic than the light purplish blue (9PB). Yet, the complete
version predicted it much better than the incomplete version. A possible
explanation is that both the low levels of lightness and chroma were difficult
for the incomplete version to properly predict.
The ensuing deduction is
that there is a difference between the
prediction of achromatic colors and chromatic colors when using the Hunt
model. Two versions now exist, each version predicting one area of color
space better than the other. What is needed is a combination of these two
versions that retains the best of both. This may be accomplished by including
a factor that depends on the location of the sample
in color space. It is not as
simple as removing the
Helson-Judd effect. At present, there is no method for
determining this in-depth
correction. Until it is available, users of this color
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appearance model must be aware of the chromatic dependency of the
samples for which they are generating corresponding colors. With this
limitation in mind, the Hunt model is clearly the best chromatic adaptation
model to be implemented for the prediction of simple-field, object colors.
Limitations and Future Improvements
The conclusions reached above are limited by the scope of the
experiment and any of its inherent assumptions. Some assumptions were
made about the successive-ganzfe/d haploscopic viewing method that may
be invalid. It is still unknown exactly what type of chromatic adaptation
occurs with this experimental viewing condition. It was assumed that
complete adaptation would prevail. Regrettably, there was no method
available to determine the validity of this assumption. One way to verify the
applicability of these results is to repeat the experiment with another viewing
method. More research in the field of viewing condition is needed before the
type of chromatic adaptation can be truly classified.
Another limitation of this experiment was the mechanical apparatus.
Unfortunately, shutter performance was not consistent throughout the
experiment. As the equipment aged, the shutter behaved erratically. Often
observers were frustrated, and perhaps their judgements were effected by this
confusion. Such an inconvenience adds yet another variable to the
experiment, the significance of
which cannot easily be estimated. However,
the data appear to be consistent over all the observers,
even though some
had a more difficult time with the shutter
mechanism than others.
These chromatic adaptation models were
examined to determine if
chromatic adaptation could be accurately
predicted in an industrial setting.
At this writing, there are many
industries that would benefit from including a
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chromatic adaptation transform in their everyday calculations. Some of these
industries include printing, photography, CRT displays, and color hybrid
imaging. Such industries would like to know if applying a chromatic
adaptation transform would improve their product. This experiment did not
address this issue, although it could have in a very simple manner. As an
after thought, the original color patch could have been included in the
sequence of match pairs in the reference field. A measure of improvement
would be instantly apparent. If a model's prediction was chosen as a better
match than the original, the application of the model would be an
improvement over the status quo. However, if a model performed worse than
the original, this model could be eliminated as a viable adaptation option.
Another improvement in this experiment would be to use a printer
with a larger gamut. Although only two model predictions were eliminated
from the analysis because they were out of the printer's gamut, it would have
been a more encompassing design to include them. This improvement may
not even be feasible. Still it adds yet another limitation to the data.
Overall, the experiment provides a good measure of how well each
model performs relative to the current chromatic adaptation model options.
Before implementing the Hunt model, users must be aware of its
shortcomings. If an industry is only interested in monochromatic
reproduction, the complete adaptation
version of the Hunt model can be
most helpful. For other industries that require reproduction of all areas of
color space, caution is advised.
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CONCLUSIONS
A visual, psychophysical experiment was conducted to directly test the
performance of nine, published chromatic adaptation models. It was found
that only one model, with two versions, consistently and accurately
predicted chromatic adaptation effects. This model, the Hunt model,
performed the best in all areas of color space examined, and consequently
also performed the best overall. Unfortunately, neither version individually
performed with accurate consistency over all of color space. Since the Hunt
model can only be used one version at a time, a dilemma as to which
version to apply remains. This research did not reach a conclusion as to the
best chromatic adaptation model to apply, as they stand today. Further
improvements on the Hunt model are required, and have been suggested,
before it can be recommended for across-the-board implementation.
As in all experiments, this research was limited by its specific design.
More exploration into each aspect is necessary before the results can be
generalized to all viewing conditions, all illumination conditions and all
areas of color space. The parameter with the greatest variability is the
viewing condition. A new viewing technique was utilized in this experiment,
and it is questionable whether it is visually equivalent to other techniques,
such as binocular matching or scaling.
Large scale examination of chromatic adaptation models is still in its
infancy. There are so many situations in which these models must still be
explored. While this research clearly shows one model performing better
than the others, the data cannot be extrapolated to many other chromatic
adaptation situations. If the observers were viewing images instead of solid
color patches the results could be different. More research is needed to
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examine the performance of models across media. Cross-media color
reproduction is interested in more than just the prediction of corresponding
object colors. To apply chromatic adaptation models in practical situations,
they must perform well under many conditions, and not just the ones studied
here.
In conclusion, this research has provided some answers about the
performance of a select group of chromatic adaptation models for object
colors. Although the data cannot be used to test other models, it has been
shown that some of the tested models are clearly superior to others in this
given situation. This research plays the role of stepping stone on the path of
understanding and predicting chromatic adaptation in practical situations.
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Throughout the duration of this research, various notations were used
to designate the variable groups. The following lists include the notations,
nomenclature and abbreviations that are found in this paper, and their
corresponding variable-names.
The terms test and reference were used to distinguish between the two
illumination environments. The vocabulary is clearly explained in work of
Mori et al.37, but is briefly described for the reader's convenience. The test
field is the original field of view. The reference field is the field into which
predictions of the corresponding color are calculated. The distinctions are
not necessary from a calculation stand point because calculating a
corresponding color beginning with either field should result in equivalent
corresponding color pairs. The vocabulary is primarily used to distinguish the
psychophysical setup. Judgments were made in the reference field between
two samples. The criterion for judgment was presented in the test field as a
single sample.
Ten samples were chosen to represent ten areas of color space. These
were viewed in the test field, and each test sample labeled a color center. For
each color center, numerous corresponding color predictions were
calculated to be viewed in the reference field. Alphabetical and numerical
notation, shown in Table Al, was used to designate the color center and its
corresponding color
predictions. The ser number indicates the order of the
color center group in the
psychophysical experiment.
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TABLE Al Color Center Notation.
Alpha Aim Approximate Approximate Exp.
betical Munsell Munsell ISCC-NBS Set
Label Notation Notation Color Name No.
A 3N 3B 3/0.5 Dark Bluish Gray Ill
B 5.5N 8B 5.5/1 Bluish Gray I
C 7N 4PB 7/1 .5 Light Bluish Gray VII
D 2.5R 0.5R 4/7 Moderate Purplish Red IV
E 7.5R 7R5/9 Moderate Red II
F 2.5Y 4Y7/10 Strong Yellow IX
G 5Y 7Y8/5 Moderate Yellow VI
H 2.5G 2.5G 4/5 Dark Yellowish Green x
1 2.5PB 3PB4/10 Strong Blue VIII
J 7.5PB 9PB 6/6 Light Purplish Blue V
To quickly distinguish the chromatic adaptation models, abbreviations
were used. These are indicated in Table All. It is important to note that all
models used in this research are equivalent to their recently updated
versions, as of March 1994, for the particular subset of parameters outlined
in this research. The exception is the 1994 improvement of the Hunt model
as previously noted.
TABLE All Chromatic Adaptation Model
Notation





Hunt '91, complete adaptation















Corresponding Colors from Mathematical Testing*
TABLE Bl. Corresponding Color Calculations for D65.
CIELAB CIELUV
D65 at all levels -> D65 1000 D65 at all levels -> D65 1000
XYZ XYZ
1 95.04 100.00 108.89 1 95.04 100.00 108.89
2 7.30 6.42 5.63 2 7.30 6.42 5.63
3 9.59 6.64 4.14 3 9.59 6.64 4.14
4 12.01 6.62 2.85 4 12.01 6.62 2.85
5 20.51 19.73 19.25 5 20.51 19.73 19.25
6 26.32 19.39 12.68 6 26.32 19.39 12.68
7 34.05 20.02 7.69 7 34.05 20.02 7.69
8 44.53 44.16 44.52 8 44.53 44.16 44.52
9 49.65 42.80 35.03 9 49.65 42.80 35.03
10 57.91 44.13 29.77 10 57.91 44.13 29.77
11 6.06 6.41 5.00 11 6.06 6.41 5.00
12 6.11 6.43 3.93 12 6.11 6.43 3.93
13 6.30 6.54 1.89 13 6.30 6.54 1.89
14 18.51 19.72 13.88 14 18.51 19.72 13.88
15 19.18 19.94 2.50 15 19.18 19.94 2.50
16 18.72 19.78 4.59 16 18.72 19.78 4.59
17 40.65 43.36 33.39 17 40.65 43.36 33.39
18 40.81 43.52 10.57 18 40.81 43.52 10.57
19 41.18 43.37 3.67 19 41.18 43.37 3.67
20 5.21 6.37 5.62 20 5.21 6.37 5.62
21 3.78 6.65 4.04 21 3.78 6.65 4.04
22 2.57 6.64 2.81 22 2.57 6.64 2.81
23 16.50 19.48 17.88 23 16.50 19.48 17.88
24 11.95 20.39 11.78 24 11.95 20.39 11.78
25 9.00 19.18 9.00 25 9.00 19.18 9.00
26 38.83 44.83 42.48 26 38.83 44.83 42.48
27 31.75 43.92 32.26 27 31.75 43.92 32.27
28 25.89 42.74 26.03 28 25.89 42.74 26.03
29 6.18 6.39 9.92 29 6.18 6.39 9.92
30 6.30 6.40 17.14 30 6.30 6.40 17.14
31 6.60 6.36 26.07 31 6.60 6.36 26.07
32 19.12 20.00 26.11 32 19.12 20.00
26.11
33 19.47 20.09 45.29 33 19.47 20.09
45.29
34 18.56 19.20 58.06 34 18.56 19.20 58.06
35 41.48 43.75 53.70 35
41.48 43.75 53.70
36 40.88 43.32 71.12 36
40.88 43.32 71.12
37 39.75 42.26 78.18
37 39.75 42.26 78.18
38 6.27 6.60 7.19
38 6.27 6.60 7.19
39 18.82 19.80 21.56
39 18.82 19.80 21.56
40 40.96 43.10 46.93




U6i> at all levels -> D65 1 000 I365 at all levels -> D65 1000
X Y Z X Y Z
1 95.04 100.00 108.89 1 95.04 100.00 1 08.88
2 7.30 6.42 5.63 2 7.30 6.42 5.63
3 9.59 6.64 4.14 3 9.60 6.64 4.14
4 12.01 6.62 2.85 4 12.01 6.63 2.85
5 20.51 19.73 19.25 5 20.51 19.73 19.25
6 26.32 19.39 12.68 6 26.32 19.39 12.68
7 34.05 20.02 7.69 7 34.05 20.02 7.69
8 44.53 44.16 44.52 8 44.53 44.17 44.52
9 49.65 42.80 35.03 9 49.65 42.80 35.02
10 57.91 44.13 29.77 10 57.91 44.13 29.77
11 6.06 6.41 5.00 11 6.06 6.41 5.00
12 6.11 6.43 3.93 12 6.11 6.44 3.93
13 6.30 6.54 1.89 13 6.30 6.54 1.89
14 18.51 19.72 13.88 14 18.51 19.72 13.88
15 19.18 19.94 2.50 15 19.18 19.94 2.50
16 18.72 19.78 4.59 16 18.72 19.79 4.59
17 40.65 43.36 33.39 17 40.65 43.36 33.39
18 40.81 43.52 10.57 18 40.81 43.52 10.57
19 41.18 43.37 3.67 19 41.18 43.37 3.67
20 5.21 6.37 5.62 20 5.21 6.37 5.62
21 3.78 6.65 4.04 21 3.78 6.65 4.04
22 2.57 6.64 2.81 22 2.57 6.64 2.81
23 16.50 19.48 17.88 23 16.50 19.48 17.88
24 11.95 20.39 11.78 24 11.95 20.39 11.78
25 9.00 19.18 9.00 25 9.00 19.19 9.00
26 38.83 44.83 42.48 26 38.83 44.83 42.48
27 31.75 43.92 32.27 27 31.75 43.93 32.26
28 25.89 42.74 26.03 28 25.89 42.74 26.03
29 6.18 6.39 9.92 29 6.18 6.39 9.92
30 6.30 6.40 17.14 30 6.30 6.40 17.13
31 6.60 6.36 26.07 31 6.60 6.36 26.07
32 19.12 20.00 26.11 32 19.12 20.00 26.11
33 19.47 20.09 45.29 33 19.47 20.10 45.29
34 18.56 19.20 58.06 34 18.56 19.21 58.06
35 41.48 43.75 53.70 35 41.48 43.75 53.69
36 40.88 43.32 71.12 36 40.88 43.32 71.12
37 39.75 42.26 78.18 37 39.75 42.27 78.17
38 6.27 6.60 7.19 38 6.27 6.60 7.19
39 18.82 19.80 21.56 39 18.82 19.80 21.56
40 40.96 43.10 46.93 40 40.96 43.10 46.93
"Negative tristimulus values indicate that the model prediction is imaginary.
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D65 10,000 ->D65 1000 D65 1000
u i latutuuy
-> D65 1 000 D65 100 -> D65 1 000
A Y Z X Y Z X Y Z
1 81.25 85.17 92.14 1 95.04 100.00 108.88 1 108.60 114.75 125.83
2 6.60 5.55 4.53 2 7.30 6.42 5.62 2 7.99 7.28 6.72
3 9.13 5.83 2.98 3 9.59 6.64 4.14 3 10.04 7.44 5.30
4 11.81 5.87 1.66 4 12.01 6.62 2.85 4 12.18 7.36 4.03
5 18.07 16.93 15.92 5 20.51 19.73 19.25 5 22.90 22.50 22.61
6 24.80 17.00 9.32 6 26.32 19.39 12.68 6 27.78 21.75 16.05
7 33.34 17.84 4.13 7 34.05 20.02 7.69 7 34.66 22.17 11.24
8 38.87 37.82 37.09 8 44.53 44.16 44.52 8 50.08 50.45 52.03
9 45.19 37.13 27.73 9 49.65 42.80 35.02 9 53.97 48.40 42.36
10 54.23 38.64 22.16 10 57.91 44.13 29.77 10 61.43 49.55 37.41
11 5.31 5.60 3.93 11 6.06 6.41 5.00 11 6.79 7.22 6.08
12 5.44 5.69 2.85 12 6.11 6.43 3.92 12 6.77 7.17 5.01
13 5.76 5.92 0.79 13 6.30 6.53 1.89 13 6.81 7.13 2.98
14 16.29 17.32 10.58 14 18.51 19.72 13.88 14 20.67 22.09 17.19
15 17.76 18.30 -0.84 15 19.18 19.94 2.50 15 20.51 21.53 5.82
16 17.15 18.02 1.27 16 18.72 19.78 4.58 16 20.22 21.51 7.88
17 35.57 37.89 26.14 17 40.64 43.36 33.39 17 45.60 48.78 40.69
18 37.29 39.61 3.29 18 40.81 43.52 10.57 18 44.17 47.35 17.82
19 38.18 39.93 -3.59 19 41.18 43.36 3.67 19 44.01 46.71 10.87
20 4.36 5.52 4.56 20 5.21 6.36 5.62 20 6.04 7.20 6.68
21 2.90 5.92 2.96 21 3.78 6.65 4.04 21 4.64 7.38 5.12
22 1.68 6.01 1.75 22 2.57 6.64 2.81 22 3.43 7.27 3.87
23 13.90 16.85 14.65 23 16.50 19.48 17.88 23 19.06 22.10 21.14
24 9.31 18.18 8.47 24 11.95 20.39 11.78 24 14.53 22.58 15.10
25 6.50 17.27 5.92 25 9.00 19.18 9.00 25 11.45 21.07 12.08
26 32.81 38.66 35.03 26 38.83 44.83 42.48 26 44.74 50.95 50.00
27 26.03 38.60 25.05 27 31.75 43.92 32.26 27 37.35 49.19 39.52
28 20.33 37.99 19.08 28 25.89 42.73 26.03 28 31.33 47.42 33.00
29 5.10 5.24 8.85 29 6.18 6.39 9.92 29 7.25 7.54 11.01
30 4.74 4.75 16.06 30 6.30 6.40 17.13 30 7.87 8.06 18.25
31 4.46 4.09 25.00 31 6.60 6.36 26.07 31 8.77 8.64 27.21
32 16.07 16.73 22.76 32 19.12 20.00 26.11 32 22.13 23.26 29.52
33 15.13 15.50 41.92 33 19.47 20.09 45.29 33 23.81 24.70 48.77
34 13.39 13.79 54.84 34 18.56 19.20 58.06 34 23.75 24.64 61.44
35 35.03 36.84 46.37 35 41.48 43.75 53.69 35 47.85 50.62 61.12
36 33.25 35.25 63.87 36 40.88 43.32 71.12 36 48.46 51.38 78.53
37 31.70 33.78 71.10 37 39.75 42.26 78.17 37 47.77 50.74 85.43
38 5.36 5.62 6.08 38 6.27 6.60 7.19 38 7.17 7.57 8.30
39 16.09 16.86 18.24 39 18.82 19.80 21.56 39 21.50 22.72 24.91
40 35.02 36.71 39.71 40 40.96 43.10 46.93 40 46.81 49.46 54.23
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D65 10,000 ->D65 1000
XYZ
1 80.78 85.00 92.55
2 6.56 5.53 4.55
3 9.07 5.81 2.99
4 11.74 5.85 1.65
5 17.97 16.89 15.99
6 24.64 16.95 9.34
7 33.12 17.78 4.11
8 38.64 37.75 37.25
9 44.90 37.04 27.83
10 53.88 38.54 22.21
11 5.27 5.59 3.94
12 5.39 5.68 2.85
13 5.71 5.91 0.79
14 16.17 17.28 10.61
15 17.59 18.25 -0.88
16 16.99 17.97 1.25
17 35.32 37.80 26.23
18 36.94 39.50 3.23
19 37.81 39.81 -3.69
20 4.33 5.51 4.58
21 2.87 5.91 2.97
22 1.65 6.00 1.75
23 13.80 16.81 14.71
24 9.21 18.14 8.49
25 6.41 17.24 5.92
26 32.59 38.58 35.17
27 25.81 38.52 25.13
28 20.12 37.91 19.13
29 5.08 5.23 8.89
30 4.75 4.75 16.15
31 4.50 4.10 25.14
32 15.99 16.71 22.87
33 15.12 15.49 42.15
34 13.45 13.80 55.15
35 34.85 36.78 46.59
36 33.14 35.20 64.20
37 31.63 33.75 71.48
38 5.33 5.61 6.11
39 16.00 16.83 18.32




1 95.04 100.00 108.88
2 7.30 6.42 5.62
3 9.59 6.64 4.14
4 12.01 6.62 2.85
5 20.51 19.73 19.25
6 26.32 19.39 12.68
7 34.05 20.02 7.69
8 44.53 44.16 44.52
9 49.65 42.80 35.02
10 57.91 44.13 29.77
11 6.06 6.41 5.00
12 6.11 6.43 3.92
13 6.30 6.53 1.89
14 18.51 19.72 13.88
15 19.18 19.94 2.50
16 18.72 19.78 4.58
17 40.65 43.36 33.39
18 40.81 43.52 10.57
19 41.18 43.36 3.67
20 5.21 6.36 5.62
21 3.78 6.65 4.04
22 2.57 6.64 2.81
23 16.50 19.48 17.88
24 11.95 20.39 11.78
25 9.00 19.18 9.00
26 38.83 44.83 42.48
27 31.75 43.92 32.26
28 25.89 42.73 26.02
29 6.18 6.39 9.92
30 6.30 6.40 17.13
31 6.60 6.36 26.07
32 19.12 20.00 26.11
33 19.47 20.09 45.29
34 18.56 19.20 58.06
35 41.48 43.75 53.69
36 40.88 43.32 71.12
37 39.75 42.26 78.17
38 6.27 6.60 7.19
39 18.82 19.80 21.56
D65 100-> D65 1000
XYZ
1 109.29 114.99 125.21
2 8.05 7.31 6.70
3 10.12 7.47 5.29
4 12.29 7.40 4.04
5 23.06 22.56 22.51
6 28.01 21.83 16.01
7 34.98 22.27 11.27
8 50.42 50.58 51.79
9 54.40 48.55 42.22
10 61.94 49.72 37.33
11 6.85 7.24 6.06
12 6.83 7.19 5.00
13 6.89 7.16 2.99
14 20.84 22.16 17.15
15 20.76 21.63 5.88
16 20.46 21.60 7.92
17 45.97 48.92 40.55
18 44.68 47.54 17.90
19 44.56 46.92 11.03
20 6.09 7.22 6.65
21 4.69 7.40 5.11
22 3.48 7.29 3.87
23 19.20 22.15 21.05
24 14.69 22.64 15.07
25 11.59 21.13 12.07
26 45.06 51.07 49.78
27 37.68 49.32 39.39
28 31.65 47.56 32.92
29 7.27 7.55 10.94
30 7.85 8.05 18.12
31 8.70 8.61 26.99
32 22.24 23.30 29.35
33 23.82 24.70 48.42
34 23.67 24.60 60.96
35 48.11 50.72 60.79
36 48.62 51.43 78.03
37 47.88 50.77 84.86
38 7.21 7.59 8.26
39 21.64 22.77 24.79
40 40.96 43.10 46.93 40 47.11 49.56 53.97
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D65 10,000 ->D65 1000
XYZ
~~
i 94.99 99.94 108.79
2 8.95 7.81 6.76
3 11.94 8.08 4.74
4 15.08 8.04 3.06
5 24.01 23.14 22.60
6 30.75 22.76 14.82
7 39.56 23.45 8.74
8 49.06 48.82 49.48
9 54.34 47.47 39.49
10 62.72 48.87 33.81
11 7.35 7.79 5.95
12 7.45 7.84 4.47
13 7.69 7.96 1.83
14 21.66 23.10 16.21
15 22.31 23.35 2.40
16 21.82 23.18 4.93
17 44.98 48.00 37.71
18 44.74 48.24 11.88
19 44.92 48.10 3.64
20 6.29 7.73 6.77
21 4.39 8.07 4.63
22 2.81 8.07 3.03
23 19.38 22.82 20.99
24 14.01 23.82 13.65
25 10.54 22.47 10.31
26 43.09 49.45 47.23
27 35.75 48.53 36.40
28 29.60 47.30 29.58
29 7.50 7.76 12.18
30 7.62 7.76 21.48
31 7.91 7.70 32.68
32 22.36 23.41 30.36
33 22.54 23.50 51.63
34 21.19 22.51 65.22
35 45.90 48.36 58.97
36 45.13 47.98 76.12
37 43.84 46.93 82.88
38 7.64 8.04 8.76
39 22.06 23.21 25.28




1 94.98 99.94 108.79
2 7.30 6.46 5.72
3 9.63 6.69 4.17
4 12.07 6.67 2.88
5 20.53 19.77 19.31
6 26.31 19.43 12.75
7 34.00 20.05 7.75
8 44.50 44.11 44.48
9 49.56 42.73 35.00
10 57.83 44.08 29.77
11 6.08 6.44 5.10
12 6.13 6.46 4.01
13 6.35 6.59 1.91
14 18.54 19.75 13.92
15 19.20 19.97 2.57
16 18.75 19.81 4.65
17 40.59 43.29 33.43
18 40.77 43.48 10.63
19 41.14 43.33 3.72
20 5.28 6.38 5.72
21 3.85 6.67 4.10
22 2.63 6.66 2.86
23 16.56 19.50 17.96
24 12.01 20.41 11.83
25 9.06 19.20 9.05
26 38.76 44.75 42.37
27 31.74 43.82 32.24
28 25.92 42.66 26.04
29 6.20 6.42 9.80
30 6.31 6.42 17.03
31 6.61 6.37 25.96
32 19.13 20.03 26.00
33 19.48 20.11 45.17
34 18.56 19.21 57.93
35 41.45 43.67 53.71
36 40.86 43.29 71.04
37 39.74 42.24 78.07
38 6.33 6.66 7.25
39 18.87 19.85 21.62
40 40.91 43.05 46.85
D65 1 00 -> D65 1 000
XYZ
1 94.98 99.94 108.79
2 6.35 5.78 5.33
3 8.15 6.01 4.18
4 10.02 6.00 3.16
5 18.39 17.83 17.58
6 23.21 17.51 12.05
7 29.73 18.06 7.89
8 41.46 41.09 41.46
9 46.00 39.68 32.68
10 53.75 40.95 27.97
11 5.43 5.75 4.88
12 5.47 5.77 4.04
13 5.65 5.89 2.40
14 16.77 17.84 13.14
15 17.28 18.01 3.56
16 16.91 17.87 5.37
17 37.82 40.29 31.47
18 38.09 40.43 11.24
19 38.44 40.26 5.03
20 4.83 5.70 5.31
21 3.79 5.95 4.09
22 2.87 5.94 3.12
23 15.07 17.58 16.43
24 11.31 18.43 11.36
25 8.78 17.31 8.96
26 36.19 41.76 39.59
27 29.69 40.83 30.32
28 24.32 39.71 24.71
29 5.52 5.74 8.28
30 5.59 5.73 13.55
31 5.78 5.70 20.06
32 17.26 18.07 23.13
33 17.59 18.14 39.28
34 16.83 17.30 50.01
35 38.63 40.68 49.99
36 38.13 40.29 66.16
37 37.10 39.25 72.74
38 5.64 5.94 6.47
39 17.03 17.92 19.51
40 38.09 40.08 43.62
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Hunt Incomplete Adaptation
D65 1 0,000 -> D65 1 000
XYZ
1 95.50 99.92 107.81
2 8.90 7.79 6.81
3 11.90 8.06 4.80
4 15.05 8.02 3.12
5 24.03 23.12 22.54
6 30.80 22.74 14.82
7 39.64 23.44 8.78
8 49.24 48.81 49.16
9 54.55 47.46 39.27
10 62.97 48.87 33.64
11 7.30 7.77 6.00
12 7.41 7.83 4.55
13 7.65 7.94 1.90
14 21.69 23.08 16.21
15 22.36 23.33 2.47
16 21.86 23.16 4.99
17 45.18 48.00 37.55
18 44.99 48.23 11.90
19 45.18 48.09 3.70
20 6.23 7.70 6.82
21 4.34 8.05 4.70
22 2.76 8.05 3.09
23 19.39 22.80 20.94
24 14.03 23.79 13.66
25 10.55 22.45 10.34
26 43.27 49.43 46.94
27 35.93 48.51 36.21
28 29.77 47.28 29.45
29 7.44 7.74 12.20
30 7.55 7.74 21.42
31 7.82 7.68 32.53
32 22.36 23.39 30.23
33 22.49 23.48 51.29
34 21.09 22.48 64.74
35 46.04 48.34 58.56
36 45.22 47.96 75.51
37 43.90 46.90 82.20
38 7.58 8.02 8.84
39 22.07 23.19 25.20
40 45.51 47.71 51.63
D65 1000->D65 1000
XYZ
1 94.99 99.93 108.81
2 7.30 6.46 5.72
3 9.63 6.69 4.17
4 12.07 6.67 2.88
5 20.52 19.77 19.32
6 26.31 19.43 12.75
7 34.00 20.05 7.75
8 44.50 44.11 44.48
9 49.56 42.72 35.00
10 57.83 44.08 29.77
11 6.08 6.44 5.11
12 6.13 6.46 4.01
13 6.35 6.58 1.92
14 18.55 19.76 13.92
15 19.20 19.97 2.56
16 18.75 19.81 4.64
17 40.61 43.31 33.47
18 40.78 43.49 10.64
19 41.14 43.33 3.73
20 5.26 6.38 5.73
21 3.84 6.67 4.10
22 2.63 6.66 2.86
23 16.56 19.50 17.96
24 12.01 20.41 11.83
25 9.06 19.20 9.05
26 38.75 44.75 42.36
27 31.74 43.82 32.24
28 25.92 42.66 26.04
29 6.19 6.42 9.80
30 6.31 6.42 17.03
31 6.61 6.37 25.96
32 19.13 20.03 26.00
33 19.48 20.11 45.17
34 18.56 19.21 57.93
35 41.45 43.67 53.72
36 40.86 43.29 71.04
37 39.74 42.24 78.07
38 6.30 6.65 7.30
39 18.87 19.86 21.62
40 40.89 43.03 46.88
D65 1 00 -> D65 1 000
XYZ
1 94.25 99.94 110.28
2 6.40 5.80 5.29
3 8.19 6.03 4.13
4 10.05 6.02 3.11
5 18.39 17.86 17.62
6 23.18 17.53 12.03
7 29.67 18.08 7.85




10 53.49 40.97 28.13
11 5.48 5.77 4.83
12 5.52 5.80 4.00
13 5.69 5.91 2.36
14 16.77 17.88 13.13
15 17.25 18.03 3.47
16 16.89 17.90 5.29
17 37.66 40.34 31.69
18 37.86 40.47 11.24
19 38.18 40.29 4.97
20 4.86 5.72 5.29
21 3.83 5.97 4.06
22 2.92 5.97 3.08
23 15.08 17.61 16.46
24 11.32 18.46 11.34
25 8.80 17.35 8.93
26 36.02 41.80 39.89
27 29.53 40.88 30.50
28 24.17 39.75 24.81
29 5.57 5.77 8.27
30 5.65 5.76 13.61
31 5.86 5.72 20.18
32 17.28 18.10 23.24
33 17.67 18.17 39.59
34 16.95 17.34 50.47
35 38.50 40.72 50.45
36 38.08 40.33 66.86
37 37.09 39.29 73.55
38 5.67 5.96 6.51
39 17.04 17.95 19.58
40 37.94 40.10 44.02
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D65 1 0,000 -> D65 1 000 D65 1 000 ->D65 1000 D65 100 ->D65 1000
X Y Z X Y Z X Y Z
1 168.70 173.05 209.45 1 95.03 100.00 108.88 1 53.46 57.61 56.35
2 5.04 4.18 2.96 2 7.30 6.42 5.62 2 10.44 9.64 10.06
3 7.34 4.41 1.75 3 9.59 6.64 4.14 3 12.47 9.82 8.53
4 9.81 4.45 0.81 4 12.01 6.62 2.85 4 14.55 9.75 7.06
5 21.02 19.64 18.29 5 20.51 19.73 19.25 5 20.02 19.82 20.26
6 29.08 19.28 10.07 6 26.32 19.39 12.68 6 23.75 19.55 15.89
7 40.44 20.34 4.82 7 34.04 20.02 7.69 7 28.37 19.87 11.95
8 60.09 57.89 59.59 8 44.53 44.16 44.52 8 32.91 33.63 33.19
9 68.98 55.58 42.53 9 49.64 42.80 35.02 9 35.56 32.93 28.81
10 84.18 58.06 33.84 10 57.91 44.13 29.77 10 39.54 33.55 26.17
11 3.88 4.17 2.43 11 6.06 6.41 5.00 11 9.29 9.63 9.43
12 3.96 4.19 1.59 12 6.11 6.43 3.92 12 9.31 9.65 8.30
13 4.25 4.29 0.19 13 6.30 6.54 1.89 13 9.36 9.75 5.83
14 18.40 19.63 11.47 14 18.51 19.72 13.88 14 18.71 19.82 16.75
15 20.23 19.93 0.58 15 19.17 19.94 2.50 15 18.58 19.95 6.63
16 19.34 19.72 2.10 16 18.72 19.78 4.58 16 18.50 19.85 9.01
17 53.18 56.48 39.77 17 40.64 43.36 33.39 17 31.05 33.23 28.01
18 55.12 56.79 7.73 18 40.80 43.52 10.57 18 30.67 33.31 14.31
19 56.96 56.54 1.40 19 41.18 43.37 3.67 19 30.28 33.22 8.02
20 3.07 4.12 2.95 20 5.21 6.37 5.62 20 8.49 9.59 10.05
21 1.77 4.40 1.68 21 3.78 6.65 4.04 21 7.12 9.85 8.43
22 0.70 4.40 0.79 22 2.57 6.64 2.81 22 5.92 9.83 7.02
23 15.64 19.31 16.47 23 16.50 19.48 17.88 23 17.39 19.66 19.40
24 9.68 20.56 9.06 24 11.95 20.39 11.78 24 14.37 20.24 15.23
25 6.10 18.96 6.10 25 9.00 19.18 9.00 25 12.26 19.44 13.06
26 50.01 59.06 55.78 26 38.82 44.83 42.48 26 30.08 33.97 32.28
27 37.69 57.49 37.90 27 31.74 43.92 32.26 27 26.56 33.51 27.44
28 27.92 55.47 28.00 28 25.88 42.74 26.03 28 23.50 32.90 24.18
29 3.99 4.15 7.05 29 6.18 6.39 9.92 29 9.35 9.61 13.80
30 4.46 4.16 15.50 30 6.30 6.40 17.13 30 9.11 9.61 18.93
31 5.64 4.14 28.07 31 6.60 6.36 26.07 31 8.72 9.56 24.20
32 19.26 20.00 28.13 32 19.12 20.00 26.11 32 19.00 20.00 24.23
33 21.21 20.15 61.04 33 19.47 20.09 45.29 33 18.56 20.05 33.53
34 21.89 18.99 86.53 34 18.56 19.20 58.06 34 17.23 19.45 38.84
35 55.10 57.16 77.53 35 41.48 43.75 53.69 35 31.24 33.43 37.08
36 55.54 56.43 115.08 36 40.88 43.32 71.12 36 30.50 33.21 43.79
37 54.54 54.60 131.44 37 39.75 42.26 78.17 37 29.69 32.67 46.32
38 4.05 4.34 4.35 38 6.27 6.60 7.19 38 9.49 9.81 11.51
39 18.75 19.73 21.47 39 18.82 19.80 21.56 39 18.89 19.87 21.65
40 53.88 56.03 64.17 40 40.96 43.10 46.93 40 31.09 33.10 34.24
93




D65 at all levels -> D50 1 000 D65 at all levels -> D50 1 000
XYZ XYZ
1 96.42 1 00.00 82.49 1 96.42 100.00 82.49
2 7.41 6.42 4.26 2 7.34 6.42 4.02
3 9.73 6.64 3.13 3 9.56 6.64 2.58
4 12.19 6.62 2.16 4 11.88 6.62 1.36
5 20.81 19.73 14.58 5 20.71 19.73 14.20
6 26.71 19.39 9.61 6 26.27 19.39 8.12
7 34.54 20.02 5.83 7 33.74 20.02 3.30
8 45.18 44.16 33.73 8 45.03 44.16 33.12
9 50.37 42.80 26.53 9 49.87 42.80 24.52
10 58.75 44.13 22.55 10 57.87 44.13 19.34
11 6.15 6.41 3.79 11 6.15 6.41 3.46
12 6.20 6.43 2.97 12 6.19 6.43 2.46
13 6.39 6.54 1.43 13 6.38 6.54 0.56
14 18.78 19.72 10.52 14 18.77 19.72 9.27
15 19.45 19.94 1.89 15 19.40 19.94 -1.34
16 18.99 19.78 3.47 16 18.96 19.78 0.64
17 41.24 43.36 25.30 17 41.24 43.36 23.04
18 41.40 43.52 8.01 18 41.35 43.52 1.85
19 41.78 43.37 2.78 19 41.69 43.37 -4.55
20 5.29 6.37 4.25 20 5.33 6.37
4.05
21 3.83 6.65 3.06 21 3.96 6.65
2.56
22 2.60 6.64 2.13 22 2.78
6.64 1.44
23 16.74 19.48 13.55 23
16.84 19.48 13.03
24 12.12 20.39 8.92 24 12.48
20.39 7.29
25 9.13 19.18 6.82 25
9.56 19.18 4.95
26 39.39 44.83 32.18 26
39.58 44.83 31.20
27 32.21 43.92 24.44 27
32.69 43.92 22.01
28 26.26 42.74 19.72
28 26.97 42.74 16.51
29 6.27 6.39 7.51
29 6.27 6.39 7.99
30 6.39 6.40 12.98
30 6.40 6.40 14.54
31 6.70 6.36 19.75
31 6.70 6.36 22.52
32 19.40 20.00 19.78
32 19.40 20.00 20.48
33 19.75 20.09 34.31
33 19.78 20.09 37.95
34 18.83 19.20 43.98
34 18.88 19.20 49.60
35 42.08 43.75 40.68
35 42.10 43.75 41.66
36 41.47 43.32 53.88
36 41.54 43.32 57.70
37 40.33 42.26 59.23
37 40.42 42.26 64.31
38 6.36 6.60
5.44 38 6.36 6.60 5.44
39 19.09 19.80
16.33 39 19.09 19.80 16.33
40 41.56 43.10
35.55 40 41.56 43.10 35.55
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LABHNU2 vori Kries
D65 at all levels -> D50 1000 D65atall levels -> D50 1000
X Y Z X Y Z
1 96.42 100.00 82.49 1 96.42 1 00.01 82.48
2 7.39 6.42 4.14 2 7.48 6.43 4.26
3 9.70 6.64 2.87 3 9.90 6.67 3.13
4 12.12 6.62 1.81 4 12.42 6.66 2.16
5 20.79 19.73 14.37 5 20.93 19.74 14.58
6 26.62 19.39 8.87 6 27.14 19.45 9.61
7 34.37 20.02 4.71 7 35.28 20.13 5.83
8 45.15 44.16 33.39 8 45.36 44.18 33.73
9 50.27 42.80 25.48 9 50.97 42.87 26.53
10 58.57 44.13 20.95 10 59.70 44.25 22.55
11 6.15 6.41 3.61 11 6.25 6.42 3.79
12 6.20 6.43 2.71 12 6.36 6.44 2.97
13 6.39 6.54 1.04 13 6.66 6.54 1.43
14 18.78 19.72 9.84 14 19.16 19.73 10.52
15 19.45 19.94 0.60 15 20.42 19.96 1.89
16 19.00 19.78 2.24 16 19.85 19.80 3.47
17 41.24 43.36 24.05 17 41.93 43.37 25.30
18 41.41 43.52 5.31 18 43.25 43.55 8.01
19 41.78 43.37 -0.04 19 43.97 43.41 2.78
20 5.30 6.37 4.13 20 5.35 6.36 4.25
21 3.86 6.65 2.79 21 3.99 6.64 3.06
22 2.64 6.64 1.77 22 2.82 6.63 2.13
23 16.76 19.48 13.24 23 16.91 19.48 13.55
24 12.20 20.39 8.04 24 12.63 20.36 8.92
25 9.23 19.18 5.84 25 9.71 19.14 6.82
26 39.43 44.83 31.58 26 39.70 44.81 32.18
27 32.31 43.92 23.05 27 32.97 43.88 24.44
28 26.42 42.74 17.95 28 27.27 42.67 19.72
29 6.27 6.39 7.82 29 6.12 6.39 7.51
30 6.39 6.40 14.17 30 5.88 6.39 12.98
31 6.69 6.36 22.18 31 5.74 6.34 19.75
32 19.39 20.00 20.22 32 19.18 20.00 19.78
33 19.75 20.09 36.95 33 18.58 20.08 34.31
34 18.83 19.20 48.42 34 16.96 19.18 43.98
35 42.09 43.75 41.28 35 41.78 43.75
40.67
36 41.48 43.32 56.41 36 40.27 43.30
53.87
37 40.34 42.26 62.70 37 38.71
42.24 59.22
38 6.36 6.60 5.44 38 6.36
6.60 5.44
39 19.09 19.80 16.33 39
19.09 19.80 16.33




D65 1 0,000 ->D50 1000 I365 1 000 ->D50 1000 D65 1 00 ->D50 1000
X Y Z X Y Z X Y Z
1 80.49 83.52 72.91 1 94.12 98.07 86.15 1 107.52 112.53 99.56
2 6.60 5.45 3.59 2 7.29 6.30 4.45 2 7.96 7.15 5.32
3 9.19 5.74 2.36 3 9.64 6.53 3.27 3 10.06 7.32 4.19
4 11.91 5.79 1.31 4 12.09 6.53 2.25 4 12.24 7.25 3.19
5 18.01 16.62 12.60 5 20.41 19.35 15.23 5 22.76 22.07 17.89
6 24.95 16.72 7.38 6 26.43 19.06 10.03 6 27.84 21.37 12.70
7 33.68 17.58 3.27 7 34.33 19.72 6.08 7 34.89 21.81 8.90
8 38.67 37.11 29.35 8 44.25 43.32 35.23 8 49.72 49.49 41.17
9 45.29 36.47 21.94 9 49.66 42.02 27.71 9 53.89 47.52 33.52
10 54.56 37.99 17.53 10 58.14 43.37 23.56 10 61.55 48.67 29.60
11 5.35 5.49 3.11 11 6.08 6.29 3.96 11 6.80 7.08 4.81
12 5.52 5.59 2.25 12 6.18 6.31 3.11 12 6.82 7.03 3.96
13 5.94 5.82 0.63 13 6.45 6.41 1.49 13 6.94 7.00 2.36
14 16.47 16.99 8.37 14 18.64 19.34 10.98 14 20.75 21.67 13.60
15 18.43 17.97 -0.67 15 19.77 19.57 1.98 15 21.03 21.13 4.60
16 17.73 17.69 1.01 16 19.23 19.42 3.63 16 20.66 21.11 6.24
17 35.84 37.17 20.68 17 40.81 42.53 26.42 17 45.66 47.84 32.19
18 38.55 38.88 2.60 18 41.91 42.71 8.36 18 45.11 46.46 14.10
19 39.73 39.20 -2.84 19 42.56 42.57 2.90 19 45.21 45.84 8.60
20 4.38 5.41 3.61 20 5.21 6.24 4.44 20 6.03 7.06 5.28
21 3.00 5.80 2.34 21 3.87 6.52 3.20 21 4.71 7.23 4.05
22 1.85 5.88 1.39 22 2.71 6.50 2.22 22 3.56 7.12 3.06
23 13.91 16.52 11.59 23 16.47 19.10 14.15 23 18.99 21.66 16.73
24 9.66 17.80 6.70 24 12.24 19.97 9.32 24 14.76 22.12 11.95
25 6.94 16.91 4.68 25 9.37 18.78 7.12 25 11.76 20.63 9.56
26 32.77 37.90 27.71 26 38.70 43.95 33.61 26 44.52 49.95 39.56
27 26.44 37.82 19.82 27 32.05 43.04 25.53 27 37.54 48.21 31.27
28 21.00 37.21 15.10 28 26.43 41.86 20.59 28 31.75 46.46 26.11
29 4.93 5.13 7.00 29 6.00 6.27 7.85 29 7.06 7.39 8.71
30 4.25 4.65 12.71 30 5.83 6.27 13.56 30 7.41 7.90 14.44
31 3.58 3.99 19.78 31 5.76 6.22 20.63 31 7.96 8.46 21.53
32 15.73 16.41 18.01 32 18.76 19.61 20.66 32 21.74 22.80 23.35
33 13.96 15.18 33.17 33 18.33 19.69 35.83 33 22.69 24.21 38.59
34 11.64 13.49 43.39 34 16.87 18.80 45.94 34 22.11 24.14 48.61
35 34.43 36.13 36.69 35 40.83 42.90 42.48 35 47.14 49.64 48.36
36 31.89 34.54 50.54 36 39.51 42.46 56.27 36 47.07 50.37 62.14
37 29.99 33.10 56.26 37 38.06 41.41 61.85 37 46.08 49.73 67.60
38 5.31 5.51 4.81 38 6.21 6.47 5.69 38 7.10 7.43 6.57
39 15.94 16.54 14.44 39 18.64 19.42 17.06 39 21.29 22.28 19.71
40 34.69 36.00 31.42 40 40.57 42.27 37.13 40 46.34 48.50 42.91
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Fairchild Softcopy
D65 1 0,000 ->D50 1000
XYZ
1 81.96 85.00 70.11
2 6.73 5.54 3.45
3 9.38 5.84 2.26
4 12.16 5.89 1.25
5 18.35 16.91 12.11
6 25.48 17.01 7.08
7 34.42 -17.89 3.11
8 39.40 37.77 28.22
9 46.22 37.12 21.08
10 55.72 38.66 16.83
11 5.46 5.59 2.98
12 5.64 5.68 2.16
13 6.09 5.92 0.60
14 16.83 17.29 8.04
15 18.93 18.27 -0.67
16 18.19 17.99 0.94
17 36.61 37.81 19.87
18 39.55 39.54 2.45
19 40.81 39.87 -2.80
20 4.47 5.51 3.47
21 3.08 5.89 2.25
22 1.92 5.98 1.33
23 14.19 16.80 11.14
24 9.92 18.10 6.43
25 7.15 17.19 4.49
26 33.42 38.57 26.64
27 27.05 38.48 19.04
28 21.54 37.84 14.49
29 4.99 5.23 6.74
30 4.25 4.74 12.24
31 3.49 4.08 19.05
32 15.98 16.70 17.33
33 14.02 15.46 31.93
34 11.55 13.75 41.78
35 35.01 36.77 35.29
36 32.27 35.17 48.64
37 30.28 33.70 54.15
38 5.41 5.61 4.63
39 16.23 16.83 13.88
40 35.32 36.64 30.22
D65 1000->D50 1000
XYZ
1 96.42 100.00 82.48
2 7.48 6.43 4.26
3 9.90 6.67 3.13
4 12.43 6.66 2.16
5 20.93 19.74 14.58
6 27.16 19.45 9.60
7 35.30 20.13 5.83
8 45.37 44.18 33.73
9 50.99 42.86 26.53
10 59.73 44.25 22.55
11 6.25 6.42 3.79
12 6.36 6.44 2.97
13 6.67 6.54 1.43
14 19.17 19.73 10.51
15 20.46 19.96 1.89
16 19.88 19.80 3.47
17 41.96 43.37 25.30
18 43.32 43.56 8.01
19 44.06 43.42 2.78
20 5.35 6.36 4.25
21 4.00 6.64 3.06
22 2.83 6.63 2.13
23 16.91 19.47 13.55
24 12.65 20.36 8.92
25 9.74 19.14 6.82
26 39.72 44.81 32.18
27 33.00 43.88 24.44
28 27.31 42.67 19.72
29 6.11 6.39 7.51
30 5.86 6.39 12.98
31 5.70 6.34 19.75
32 19.17 20.00 19.78
33 18.53 20.07 34.31
34 16.89 19.16 43.98
35 41.77 43.74 40.67
36 40.22 43.29 53.87
37 38.65 42.22 59.22
38 6.36 6.60 5.44
39 19.09 19.80 16.33
40 41.56 43.10 35.55
D65 100->D50 1000
XYZ
1 110.88 114.99 94.85
2 8.23 7.31 5.08
3 10.42 7.49 4.01
4 12.69 7.44 3.06
5 23.51 22.57 17.05
6 28.83 21.89 12.13
7 36.19 22.37 8.54
8 51.33 50.59 39.24
9 55.75 48.61 31.98
10 63.74 49.83 28.28
11 7.04 7.24 4.59
12 7.08 7.19 3.78
13 7.24 7.17 2.27
14 21.51 22.17 12.99
15 21.99 21.65 4.45
16 21.57 21.62 6.00
17 47.30 48.93 30.72
18 47.09 47.58 13.56
19 47.30 46.96 8.35
20 6.24 7.22 5.04
21 4.91 7.39 3.87
22 3.74 7.27 2.93
23 19.64 22.14 15.95
24 15.39 22.61 11.41
25 12.32 21.09 9.15
26 46.02 51.05 37.71
27 38.96 49.28 29.84
28 33.07 47.50 24.94
29 7.24 7.55 8.29
30 7.48 8.04 13.72
31 7.91 8.60 20.45
32 22.36 23.29 22.23
33 23.04 24.67 36.68
34 22.23 24.56 46.18
35 48.52 50.71 46.06
36 48.17 51.40 59.11
37 47.03 50.73 64.29
38 7.32 7.59 6.26
39 21.95 22.77 18.78
40 47.79 49.56 40.88
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D65 1 0,000 -> D50 1000
XYZ
Hunt Complete Adaptation
1 96.36 99.94 82.41
2 9.19 7.85 5.14
3 12.33 8.13 3.62
4 15.61 8.10 2.33
5 24.50 23.16 17.17
6 31.76 22.84 11.26
7 41.07 23.59 6.64
8 49.99 48.86 37.52
9 55.84 47.59 29.97
10 64.72 49.03 25.64
11 7.61 7.81 4.53
12 7.76 7.84 3.45
13 8.19 7.99 1.38
14 22.46 23.13 12.32
15 23.85 23.41 1.84
16 23.21 23.23 3.76
17 46.43 48.05 28.62
18 47.53 48.31 9.01
19 48.14 48.18 2.76
20 6.49 7.74 5.15
21 4.69 8.07 3.52
22 3.17 8.06 2.31
23 19.89 22.84 15.94
24 14.86 23.81 10.37
25 11.43 22.46 7.83
26 44.13 49.43 35.86
27 37.19 48.52 27.65
28 31.20 47.33 22.46
29 7.44 7.78 9.22
30 7.07 7.77 16.29
31 6.79 7.71 24.81
32 22.47 23.45 23.02
33 21.54 23.50 39.15
34 19.40 22.49 49.47
35 46.25 48.39 44.75
36 44.54 47.97 57.73
37 42.82 46.89 62.85
38 7.77 8.06 6.65
39 22.41 23.24 19.17
40 46.04 47.75 39.37
D65 1000-> D50 1000
XYZ
1 96.36 99.94 82.42
2 7.49 6.49 4.36
3 9.93 6.73 3.19
4 12.47 6.73 2.20
5 20.95 19.81 14.68
6 27.17 19.50 9.69
7 35.28 20.16 5.89
8 45.35 44.13 33.73
9 50.95 42.84 26.57
10 59.68 44.23 22.59
11 6.29 6.45 3.90
12 6.40 6.48 3.06
13 6.74 6.61 1.45
14 19.22 19.79 10.59
15 20.50 20.02 1.95
16 19.93 19.86 3.53
17 41.94 43.35 25.38
18 43.31 43.55 8.07
19 44.03 43.41 2.83
20 5.44 6.40 4.36
21 4.08 6.68 3.12
22 2.91 6.66 2.17
23 17.00 19.51 13.64
24 12.74 20.40 8.99
25 9.82 19.19 6.88
26 39.73 44.71 32.20
27 33.06 43.86 24.50
28 27.35 42.66 19.79
29 6.16 6.44 7.43
30 5.90 6.42 12.91
31 5.73 6.37 19.69
32 19.22 20.05 19.71
33 18.58 20.12 34.27
34 16.93 19.20 43.95
35 41.75 43.70 40.77
36 40.22 43.26 53.88
37 38.65 42.20 59.19
38 6.44 6.68 5.51
39 19.17 19.89 16.40
40 41.52 43.06 35.51
D65 100-> D50 1000
XYZ
1 96.36 99.94 82.42
2 6.51 5.81 4.06
3 8.39 6.04 3.19
4 10.33 6.05 2.42
5 18.76 17.86 13.36
6 23.94 17.57 9.16
7 30.82 18.16 6.00
8 42.25 41.12 31.45
9 47.28 39.78 24.80
10 55.46 41.09 21.22
11 5.61 5.76 3.75
12 5.69 5.79 3.09
13 5.96 5.91 1.82
14 17.33 17.84 9.99
15 18.39 18.06 2.70
16 17.91 17.91 4.08
17 39.07 40.35 23.90
18 40.39 40.50 8.54
19 41.05 40.34 3.83
20 4.97 5.72 4.05
21 3.99 5.95 3.12
22 3.10 5.94 2.38
23 15.45 17.60 12.47
24 11.94 18.42 8.63
25 9.44 17.30 6.81
26 37.11 41.73 30.10
27 30.91 40.90 23.05
28 25.63 39.71 18.78
29 5.51 5.76 6.27
30 5.30 5.74 10.27
31 5.16 5.70 15.21
32 17.35 18.09 17.53
33 16.87 18.15 29.80
34 15.49 17.30 37.94
35 38.92 40.72 37.95
36 37.53 40.27 50.18
37 36.09 39.22 55.16
38 5.74 5.96 4.92
39 17.30 17.94 14.80
40 38.66 40.10 33.06
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Hunt Incomplete Adaptation
D65 1 0,000 ->D50 1000
XYZ
1 96.67 100.02 85.89
2 9.17 7.84 4.69
3 12.29 8.12 3.15
4 15.55 8.11 1.88
5 24.46 23.12 17.16
6 31.63 22.80 11.01
7 40.86 23.54 6.24
8 49.98 48.80 38.49.
9 55.75 47.53 30.57
10 64.56 48.96 26.03
11 7.61 7.81 4.07
12 7.75 7.84 2.98
13 8.18 7.98 0.96
14 22.38 23.09 12.11
15 23.70 23.37 1.41
16 23.07 23.19 3.32
17 46.34 48.00 29.16
18 47.25 48.25 8.69
19 47.83 48.11 2.32
20 6.49 7.74 4.71
21 4.70 8.07 3.06
22 3.19 8.06 1.85
23 19.85 22.80 15.86
24 14.80 23.77 10.09
25 11.38 22.42 7.47
26 44.11 49.37 36.76
27 37.09 48.47 28.13
28 31.07 47.28 22.70
29 7.46 7.78 8.87
30 7.16 7.77 16.17
31 6.96 7.71 25.04
32 22.49 23.41 23.26
33 21.74 23.47 40.17
34 19.73 22.46 51.01
35 46.33 48.34 46.10
36 44.76 47.91 59.77
37 43.11 46.84 65.16
38 7.77 8.06 6.26
39 22.40 23.20 19.24
40 46.04 47.68 40.46
D65 1000 ->D50 1000
XYZ
1 96.10 100.01 86.70
2 7.54 6.51 3.85
3 9.96 6.76 2.68
4 12.48 6.75 1.69
5 20.90 19.79 14.58
6 27.03 19.48 9.37
7 35.05 20.14 5.44-
8 45.17 44.09 34.73
9 50.66 42.79 27.13
10 59.29 44.17 22.93
11 6.35 6.48 3.38
12 6.46 6.51 2.54
13 6.80 6.63 0.98
14 19.15 19.77 10.30
15 20.36 20.01 1.47
16 19.80 19.85 3.03
17 41.68 43.32 25.89
18 42.84 43.51 7.71
19 43.53 43.36 2.34
20 5.49 6.42 3.86
21 4.16 6.70 2.61
22 3.00 6.69 1.67
23 16.98 19.50 13.49
24 12.69 20.40 8.64
25 9.78 19.19 6.44
26 39.56 44.69 33.10
27 32.82 43.83 24.95
28 27.09 42.63 19.97
29 6.24 6.47 6.99
30 6.03 6.45 12.67
31 5.94 6.40 19.76
32 19.25 20.04 19.86
33 18.80 20.11 35.24
34 17.31 19.20 45.51
35 41.67 43.67 42.20
36 40.34 43.24 56.15
37 38.87 42.17 61.81
38 6.48 6.69 5.06
39 19.16 19.87 16.39
40 41.37 43.02 36.65
D65 100->D50 1000
XYZ
1 95.28 100.01 87.88
2 6.62 5.86 3.52
3 8.48 6.09 2.64
4 10.41 6.10 1.86
5 18.74 17.88 13.23
6 23.81 17.58 8.80
7 30.57 18.17 5.52
8 41.90 41.10 32.58
9 46.80 39.75 25.44
10 54.83 41.04 21.61
11 5.72 5.81 3.18
12 5.80 5.84 2.54
13 6.07 5.96 1.30
14 17.27 17.87 9.67
15 18.27 18.08 2.14
16 17.80 17.94 3.52
17 38.64 40.34 24.46
18 39.73 40.49 8.18
19 40.34 40.32 3.29
20 5.08 5.76 3.53
21 4.11 6.00 2.58
22 3.23 5.99 1.84
23 15.46 17.62 12.29
24 11.93 18.46 8.25
25 9.44 17.34 6.35
26 36.78 41.75 31.12
27 30.51 40.90 23.56
28 25.24 39.72 18.99
29 5.64 5.81 5.80
30 5.48 5.80 9.96
31 5.40 5.75 15.17
32 17.40 18.12 17.66
33 17.12 18.18 30.76
34 15.90 17.34 39.49
35 38.70 40.72 39.57
36 37.56 40.27 52.77
37 36.25 39.23 58.15
38 5.84 6.01 4.45
39 17.31 17.97 14.76
40 38.37 40.08 34.34
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D65 10,000 ->D50 1000
XYZ
1 170.51 173.05 183.37
2 5.23 4.19 1.72
3 7.64 4.44 0.84
4 10.21 4.49 0.17
5 21.44 19.65 13.67
6 29.95 19.34 7.14
7 41.75 "20.46 3.11
8 60.97 57.91 48.33
9 70.40 55.65 33.76
10 86.12 58.19 26.45
11 4.08 4.17 1.34
12 4.21 4.19 0.73
13 4.60 4.29 -0.26
14 19.09 19.63 8.24
15 21.52 19.96 0.01
16 20.52 19.74 1.10
17 54.57 56.50 31.43
18 57.80 56.84 5.33
19 59.99 56.60 0.59
20 3.22 4.12 1.72
21 1.98 4.39 0.79
22 0.95 4.39 0.16
23 16.07 19.30 12.21
24 10.42 20.52 6.35
25 6.86 18.91 4.08
26 50.94 59.04 45.05
27 39.02 57.45 29.85
28 29.44 55.39 21.61
29 3.94 4.14 4.80
30 4.02 4.15 11.43
31 4.70 4.12 21.66
32 19.29 20.00 21.71
33 20.17 20.12 49.58
34 20.09 18.94 71.83
35 55.39 57.15 63.92
36 54.87 56.39 97.20
37 53.43 54.56 111.91
38 4.15 4.34 2.75
39 19.02 19.73 16.25




1 96.26 100.00 91.66
2 7.50 6.43 3.72
3 9.92 6.67 2.60
4 12.44 6.66 1.64
5 20.90 19.74 14.45
6 27.05 19.44 9.19
7 35.12 20.11 5.29
8 45.23 44.17 35.44
9 50.68 42.84 27.44
10 59.26 44.21 23.07
11 6.27 6.42 3.24
12 6.38 6.44 2.44
13 6.69 6.54 0.94
14 19.09 19.73 10.14
15 20.34 19.96 1.39
16 19.76 19.80 2.93
17 41.66 43.37 26.08
18 42.74 43.55 7.53
19 43.46 43.40 2.25
20 5.37 6.36 3.71
21 4.02 6.64 2.52
22 2.85 6.63 1.61
23 16.88 19.48 13.34
24 12.58 20.37 8.48
25 9.66 19.15 6.30
26 39.56 44.82 33.71
27 32.72 43.89 25.14
28 26.99 42.69 19.97
29 6.14 6.39 7.02
30 5.94 6.39 12.74
31 5.88 6.34 20.01
32 19.22 20.00 20.04
33 18.90 20.07 36.09
34 17.53 19.17 47.01
35 41.84 43.74 43.26
36 40.70 43.30 58.32
37 39.33 42.23 64.49
38 6.38 6.60 4.91
39 19.09 19.80 16.32
40 41.51 43.10 37.48
D65 100-> D50 1000
XYZ
1 54.36 57.61 45.54
2 10.63 9.64 7.13
3 12.77 9.84 5.95
4 14.95 9.79 4.81
5 20.36 19.82 15.26
6 24.31 19.58 11.75
7 29.17 19.92 8.62
8 33.48 33.64 25.91
9 36.29 32.95 22.27
10 40.44 33.60 20.10
11 9.49 9.64 6.64
12 9.56 9.66 5.77
13 9.74 9.75 3.87
14 19.18 19.82 12.43
15 19.52 19.96 4.48
16 19.32 19.86 6.31
17 31.78 33.24 21.61
18 31.94 33.32 10.49
19 31.83 33.24 5.54
20 8.65 9.59 7.12
21 7.35 9.84 5.86
22 6.20 9.82 4.78
23 17.73 19.66 14.57
24 14.87 20.23 11.22
25 12.79 19.42 9.49
26 30.67 33.96 25.15
27 27.26 33.49 21.14
28 24.27 32.87 18.46
29 9.35 9.61 10.08
30 8.89 9.61 14.19
31 8.27 9.54 18.48
32 19.18 20.00 18.50
33 18.39 20.04 26.19
34 16.82 19.42 30.64
35 31.65 33.43 29.16
36 30.67 33.20 34.82
37 29.73 32.65 36.96
38 9.60 9.81 8.27
39 19.16 19.87 16.39
40 31.59 33.10 26.79
100




D65 at all levels -> F2 1 000 D65 at all levels -> F2 1 000
XYZ XYZ
1 99.19 100.00 67.40 1 99.19 100.00 67.40
2 7.62 6.42 3.48 2 7.49 6.42 3.10
3 10.01 6.64 2.56 3 9.66 6.64 1.69
4 12.54 6.62 1.76 4 11.94 6.62 0.51
5 21.41 19.73 11.92 5 21.21 19.73 11.30
6 27.47 19.39 7.85 6 26.62 19.39 5.49
7 35.53 20.02 4.76 7 33.95 20.02 0.76
8 46.48 44.16 27.56 8 46.19 44.16 26.59
9 51.82 42.80 21.68 9 50.83 42.80 18.50
10 60.44 44.13 18.43 10 58.71 44.13 13.35
11 6.33 6.41 3.09 11 6.32 6.41 2.58
12 6.38 6.43 2.43 12 6.36 6.43 1.62
13 6.58 6.54 1.17 13 6.54 6.54 -0.22
14 19.32 19.72 8.59 14 19.29 19.72 6.62
15 20.01 19.94 1.55 15 19.87 19.94 -3.57
16 19.54 19.78 2.84 16 19.44 19.78 -1.66
17 42.42 43.36 20.67 17 42.39 43.36 17.08
18 42.59 43.52 6.54 18 42.42 43.52 -3.20
19 42.98 43.37 2.27 19 42.72 43.37 -9.33
20 5.44 6.37 3.48 20 5.52 6.37 3.15
21 3.94 6.65 2.50 21 4.18 6.65 1.71
22 2.68 6.64 1.74 22 3.01 6.64 0.64
23 17.22 19.48 11.07 23 17.41 19.48 10.24
24 12.47 20.39 7.29 24 13.14 20.39 4.70
25 9.39 19.18 5.57 25 10.22 19.18 2.61
26 40.52 44.83 26.29 26 40.87 44.83 24.73
27 33.13 43.92 19.97 27 34.04 43.92 16.11
28 27.02 42.74 16.11 28 28.35 42.74 11.02
29 6.45 6.39 6.14 29 6.45 6.39 6.89
30 6.58 6.40 10.61 30 6.61 6.40 13.08
31 6.89 6.36 16.14 31 6.93 6.36 20.57
32 19.95 20.00 16.16 32 19.97 20.00 17.27
33 20.32 20.09 28.03 33 20.42 20.09 33.82
34 19.37 19.20 35.94 34 19.55 19.20 44.90
35 43.29 43.75 33.24 35 43.34
43.75 34.79
36 42.66 43.32 44.02 36 42.84
43.32 50.09
37 41.49 42.26 48.39 37 41.73
42.26 56.48
38 6.55 6.60 4.45 38
6.55 6.60 4.45
39 19.64 19.80 13.35
39 19.64 19.80 13.35
40 42.75 43.10 29.05
40 42.75 43.10 29.05
101
LABHNU2 von Kries
D65 atall l<?vels->F2 1000 D65 atall levels -> F2 1000
X Y Z X Y Z
1 99.19 1 00.00 67.40 1 99.19 100.00 67.40
2 7.58 6.42 3.29 2 7.72 6.44 3.48
3 9.90 6.64 2.16 3 10.22 6.69 2.56
4 12.34 6.62 1.24 4 12.82 6.70 1.76
5 21.35 19.73 11.60 5 21.57 19.75 11.92
6 27.20 19.39 6.74 6 28.05 19.50 7.85
7 35.01 20.02 3.09 7 36.47 20.22 4.76
8 46.39 44.16
27.05"
8 46.73 44.20 27.56
9 51.51 42.80 20.09 9 52.63 42.92 21.68
10 59.90 44.13 16.01 10 61.70 44.35 18.43
11 6.33 6.41 2.82 11 6.49 6.42 3.09
12 6.38 6.43 2.03 12 6.63 6.44 2.43
13 6.57 6.54 0.58 13 6.99 6.55 1.17
14 19.32 19.72 7.58 14 19.93 19.73 8.59
15 20.01 19.94 -0.38 15 21.55 19.98 1.55
16 19.54 19.78 0.99 16 20.90 19.81 2.84
17 42.44 43.36 18.79 17 43.54 43.38 20.67
18 42.61 43.52 2.51 18 45.55 43.58 6.54
19 42.98 43.37 -1.94 19 46.47 43.44 2.27
20 5.47 6.37 3.29 20 5.56 6.36 3.48
21 4.03 6.65 2.09 21 4.23 6.63 2.50
22 2.80 6.64 1.21 22 3.08 6.61 1.74
23 17.29 19.48 10.60 23 17.52 19.47 11.07
24 12.71 20.39 5.96 24 13.40 20.33 7.29
25 9.68 19.18 4.11 25 10.47 19.10 5.57
26 40.65 44.83 25.39 26 41.08 44.80 26.29
27 33.46 43.92 17.88 27 34.51 43.84 19.97
28 27.49 42.74 13.46 28 28.85 42.61 16.11
29 6.44 6.39 6.61 29 6.21 6.39 6.14
30 6.57 6.40 12.41 30 5.76 6.39 10.61
31 6.87 6.36 19.84 31 5.35 6.33 16.14
32 19.95 20.00 16.82 32 19.61 20.00 16.16
33 20.31 20.09 32.04 33 18.45 20.06 28.03
34 19.36 19.20 42.70 34 16.40 19.15 35.94
35 43.30 43.75 34.15 35 42.81 43.74 33.23
36 42.67 43.32 47.85 36 40.76 43.28 44.02
37 41.50 42.26 53.67 37 38.93 42.21 48.39
38 6.55 6.60 4.45 38 6.55 6.60 4.45
39 19.64 19.80 13.35 39 19.64 19.80 13.34
40 42.75 43.10 29.05 40 42.76 43.10 29.05
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Fairchild Hardcopy
D65 1 0,000 ->F2 1000
XYZ
1 81.16 82.55 61.67
2 6.68 5.39 3.03
3 9.31 5.69 1.99
4 12.06 5.75 1.11
5 18.20 16.43 10.66
6 25.30 16.56 6.24
7 34.17 17.45 2>6
8 39.06 36.69 24.83
9 45.87 36.10 18.56
10 55.32 37.63 14.83
11 5.44 5.43 2.63
12 5.64 5.52 1.91
13 6.12 5.75 0.53
14 16.80 16.80 7.08
15 19.08 17.78 -0.56
16 18.32 17.49 0.85
17 36.50 36.74 17.50
18 39.82 38.45 2.20
19 41.18 38.78 -2.40
20 4.46 5.35 3.05
21 3.14 5.72 1.98
22 2.02 5.80 1.17
23 14.13 16.32 9.80
24 10.09 17.57 5.67
25 7.40 16.68 3.96
26 33.24 37.45 23.44
27 27.17 37.35 16.77
28 21.86 36.73 12.77
29 4.89 5.07 5.92
30 4.02 4.58 10.75
31 3.11 3.93 16.73
32 15.75 16.21 15.23
33 13.47 14.98 28.05
34 10.78 13.30 36.70
35 34.56 35.70 31.04
36 31.54 34.12 42.75
37 29.42 32.68 47.59
38 5.36 5.45 4.07
39 16.07 16.34 12.21
40 34.98 35.58 26.58
D65 1 000 ->F2 1000
XYZ
1 94.89 96.92 72.87
2 7.37 6.23 3.76
3 9.76 6.47 2.77
4 12.24 6.48 1.91
5 20.61 19.14 12.88
6 26.78 18.87 8.49
7 34.81 19.56 5.15
8 44.68 42.83 29.80
9 50.26 41.57 23.44
10 58.90 42.94 19.93
11 6.18 6.22 3.35
12 6.30 6.24 2.63
13 6.63 6.34 1.26
14 18.97 19.12 9.29
15 20.39 19.36 1.67
16 19.80 19.20 3.07
17 41.48 42.04 22.35
18 43.14 42.24 7.07
19 43.95 42.10 2.45
20 5.29 6.16 3.76
21 4.00 6.43 2.70
22 2.88 6.41 1.88
23 16.71 18.87 11.97
24 12.66 19.72 7.88
25 9.82 18.54 6.02
26 39.20 43.42 28.43
27 32.78 42.51 21.59
28 27.28 41.33 17.42
29 5.98 6.19 6.64
30 5.63 6.19 11.47
31 5.34 6.13 17.45
32 18.80 19.38 17.48
33 17.91 19.44 30.31
34 16.11 18.55 38.86
35 41.02 42.39 35.94
36 39.26 41.94 47.60
37 37.60 40.90 52.32
38 6.26 6.40 4.81
39 18.79 19.19 14.43
40 40.90 41.77 31.41
D65 100->F2 1000
XYZ
1 108.38 111.21 84.22
2 8.05 7.07 4.50
3 10.18 7.25 3.55
4 12.39 7.19 2.70
5 22.98 21.82 15.13
6 28.18 21.16 10.74
7 35.35 21.62 7.53
8 50.18 48.92 34.82
9 54.51 47.00 28.35
10 62.31 48.17 25.04
11 6.90 7.00 4.07
12 6.94 6.95 3.35
13 7.11 6.92 1.99
14 21.08 21.42 11.51
15 21.63 20.90 3.89
16 21.20 20.87 5.27
17 46.34 47.29 27.23
18 46.30 45.94 11.92
19 46.55 45.33 7.28
20 6.12 6.97 4.47
21 4.84 7.14 3.43
22 3.72 7.02 2.59
23 19.23 21.41 14.15
24 15.17 21.84 10.11
25 12.20 20.37 8.09
26 45.05 49.36 33.46
27 38.27 47.62 26.45
28 32.59 45.88 22.09
29 7.05 7.31 7.37
30 7.24 7.80 12.22
31 7.59 8.35 18.22
32 21.82 22.53 19.75
33 22.35 23.91 32.64
34 21.46 23.83 41.12
35 47.38 49.05 40.91
36 46.91 49.76 52.56
37 45.74 49.13 57.18
38 7.15 7.34 5.56
39 21.46 22.02 16.67
40 46.71 47.93 36.30
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Fairchild Softcopy
D65 1 0,000 ->F2 1000
XYZ
1 84.32 85.00 57.29
2 6.95 5.55 2.82
3 9.69 5.86 1.85
4 12.56 5.93 1.02
5 18.93 16.92 9.90
6 26.35 17.07 5.78
7 35.61 17.99 2.54
8 40.61 37.79 23.06
9 47.77 37.18 17.23
10 57.64 38.78 13.75
11 5.68 5.59 2.44
12 5.91 5.69 1.77
13 6.43 5.92 0.49
14 17.56 17.30 6.57
15 20.08 18.30 -0.55
16 19.25 18.01 0.77
17 38.11 37.83 16.24
18 41.87 39.58 2.00
19 43.37 39.92 -2.29
20 4.65 5.50 2.83
21 3.32 5.88 1.84
22 2.18 5.96 1.08
23 14.74 16.80 9.10
24 10.66 18.07 5.25
25 7.89 17.15 3.67
26 34.64 38.55 21.77
27 28.49 38.44 15.56
28 23.06 37.78 11.84
29 5.04 5.22 5.50
30 4.04 4.73 10.00
31 2.97 4.06 15.56
32 16.31 16.70 14.16
33 13.68 15.44 26.09
34 10.70 13.71 34.14
35 35.83 36.76 28.84
36 32.45 35.14 39.74
37 30.14 33.66 44.25
38 5.57 5.61 3.78
39 16.70 16.83 11.34
40 36.34 36.64 24.69
D65 1 000 -> F2 1 000
XYZ
1 99.20 100.00 67.39
2 7.72 6.44 3.48
3 10.23 6.69 2.56
4 12.82 6.70 1.76
5 21.57 19.75 11.91
6 28.07 19.50 7.85
7 36.50 20.22 4.76
8 46.74 44.20 27.56
9 52.66 42.92 21.68
10 61.74 44.35 18.43
11 6.49 6.42 3.09
12 6.64 6.44 2.43
13 7.01 6.55 1.17
14 19.95 19.73 8.59
15 21.61 19.98 1.55
16 20.95 19.82 2.84
17 43.58 43.38 20.67
18 45.66 43.60 6.54
19 46.60 43.46 2.27
20 5.56 6.36 3.48
21 4.25 6.63 2.50
22 3.10 6.61 1.74
23 17.53 19.47 11.07
24 13.44 20.33 7.29
25 10.51 19.11 5.57
26 41.11 44.80 26.29
27 34.56 43.84 19.97
28 28.92 42.61 16.11
29 6.20 6.39 6.14
30 5.73 6.38 10.61
31 5.30 6.32 16.14
32 19.59 19.99 16.16
33 18.38 20.04 28.03
34 16.28 19.12 35.93
35 42.80 43.73 33.23
36 40.68 43.26 44.02
37 38.83 42.18 48.39
38 6.55 6.60 4.45
39 19.64 19.80 13.34
40 42.76 43.10 29.05
D65 100->F2 1000
XYZ
1 114.08 114.99 77.50
2 8.49 7.32 4.15
3 10.76 7.51 3.27
4 13.09 7.47 2.50
5 24.22 22.58 13.93
6 29.78 21.93 9.91
7 37.40 22.46 6.98
8 52.87 50.61 32.06
9 57.55 48.67 26.13
10 65.85 49.92 23.10
11 7.30 7.24 3.75
12 7.37 7.20 3.09
13 7.59 7.17 1.85
14 22.34 22.17 10.61
15 23.14 21.67 3.64
16 22.65 21.64 4.90
17 49.05 48.94 25.10
18 49.45 47.62 11.08
19 49.84 47.01 6.83
20 6.47 7.21 4.12
21 5.18 7.38 3.16
22 4.02 7.26 2.40
23 20.32 22.14 13.03
24 16.22 22.59 9.33
25 13.12 21.06 7.47
26 47.57 51.04 30.81
27 40.64 49.25 24.38
28 34.79 47.45 20.38
29 7.36 7.55 6.77
30 7.42 8.03 11.21
31 7.62 8.58 16.71
32 22.88 23.29 18.17
33 23.07 24.65 29.97
34 21.86 24.53 37.73
35 49.76 50.70 37.63
36 48.92 51.38 48.30
37 47.52 50.70 52.53
38 7.53 7.59 5.12
39 22.59 22.77 15.35
40 49.17 49.56 33.40
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Hunt Complete Adaptation
D65 1 0,000 ->F2 1000
XYZ
1 99.14 99.93 67.33
2 9.49 7.87 4.21
3 12.75 8.16 2.96
4 16.13 8.16 1.91
5 25.27 23.19 14.05
6 32.85 22.91 9.21
7 42.50 23.71 5.43
8 51.51 48.89 30.68
9 57.70 47.68 24.51
10 66.92 49.15 20.96
11 7.93 7.82 3.73
12 8.12 7.86 2.83
13 8.63 8.00 1.14
14 23.39 23.16 10.09
15 25.22 23.45 1.51
16 24.49 23.27 3.09
17 48.24 48.09 23.40
18 50.13 48.36 7.38
19 50.98 48.24 2.26
20 6.76 7.75 4.23
21 5.01 8.08 2.89
22 3.51 8.06 1.89
23 20.63 22.85 13.04
24 15.79 23.80 8.49
25 12.35 22.44 6.42
26 45.63 49.49 29.34
27 38.86 48.52 22.61
28 32.94 47.27 18.38
29 7.56 7.79 7.54
30 6.92 7.79 13.34
31 6.29 7.71 20.32
32 23.00 23.47 18.89
33 21.43 23.51 32.02
34 18.80 22.47 40.46
35 47.42 48.43 36.59
36 45.14 47.95 47.22
37 43.14 46.87 51.40
38 8.02 8.08 5.45
39 23.08 23.27 15.68
40 47.38 47.76 32.18
D65 1000->F2 1000
XYZ
1 99.13 99.93 67.34
2 7.73 6.52 3.57
3 10.27 6.77 2.61
4 12.89 6.77 1.79
5 21.60 19.84 12.01
6 28.09 19.56 7.93
7 36.50 20.27 4.82
8 46.74 44.17 27.59
9 52.65 42.93 21.72
10 61.72 44.35 18.47
11 6.54 6.47 3.21
12 6.69 6.49 2.51
13 7.09 6.62 1.20
14 20.02 19.81 8.67
15 21.67 20.06 1.61
16 21.02 19.90 2.90
17 43.59 43.38 20.76
18 45.66 43.61 6.60
19 46.59 43.47 2.32
20 5.66 6.41 3.58
21 4.34 6.68 2.55
22 3.19 6.66 1.78
23 17.64 19.53 11.16
24 13.53 20.40 7.36
25 10.60 19.18 5.64
26 41.09 44.80 26.33
27 34.58 43.84 20.04
28 28.97 42.62 16.19
29 6.26 6.45 6.07
30 5.79 6.43 10.56
31 5.36 6.39 16.13
32 19.68 20.08 16.11
33 18.46 20.12 28.04
34 16.36 19.19 35.96
35 42.80 43.74 33.34
36 40.68 43.26 44.07
37 38.84 42.18 48.42
38 6.63 6.69 4.51
39 19.75 19.91 13.42
40 42.73 43.08 29.03
D65 100->F2 1000
XYZ
1 99.13 99.93 67.34
2 6.72 5.84 3.33
3 8.68 6.07 2.62
4 10.68 6.09 1.98
5 19.35 17.89 10.93
6 24.75 17.63 7.50
7 31.87 18.25 4.92
8 43.55 41.15 25.73
9 48.84 39.86 20.29
10 57.34 41.20 17.35
11 5.83 5.79 3.10
12 5.93 5.80 2.55
13 6.23 5.91 1.53
14 18.04 17.87 8.17
15 19.41 18.09 2.22
16 18.87 17.94 3.34
17 40.59 40.39 19.55
18 42.54 40.55 6.99
19 43.39 40.40 3.14
20 5.17 5.73 3.32
21 4.21 5.96 2.55
22 3.33 5.94 1.95
23 16.03 17.61 10.21
24 12.65 18.42 7.06
25 10.13 17.29 5.58
26 38.36 41.81 24.62
27 32.32 40.87 18.86
28 27.13 39.68 15.37
29 5.62 5.77 5.13
30 5.25 5.75 8.40
31 4.92 5.71 12.47
32 17.78 18.12 14.33
33 16.81 18.17 24.39
34 15.04 17.30 31.04
35 39.89 40.75 31.04
36 37.96 40.26 41.05
37 36.25 39.20 45.11
38 5.93 5.97 4.03
39 17.82 17.96 12.11
40 39.79 40.11 27.03
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Hunt Incomplete Adaptation
D65 10,000 ->F2 1000
XYZ
1 99.03 100.23 72.99
2 9.57 7.90 3.55
3 12.78 8.19 2.28
4 16.12 8.18 1.24
5 25.21 23.17 14.08
6 32.64 22.89 8.87
7 42.15 23.67 4.85
8 51.30 48.87 32.31
9 57.36 47.65 25.53
10 66.46 49.11 21.65
11 8.02 7.85 3.05
12 8.20 7.89 2.14
13 8.71 8.03 0.54
14 23.28 23.15 9.80
15 25.00 23.44 0.88
16 24.27 23.26 2.43
17 47.91 48.09 24.33
18 49.50 48.34 6.92
19 50.30 48.22 1.61
20 6.87 7.78 3.56
21 5.14 8.11 2.21
22 3.65 8.09 1.22
23 20.59 22.84 12.99
24 15.71 23.80 8.10
25 12.29 22.44 5.89
26 45.41 49.49 30.83
27 38.54 48.53 23.45
28 32.58 47.28 18.83
29 7.70 7.82 7.03
30 7.17 7.82 13.22
31 6.67 7.75 20.77
32 23.05 23.47 19.34
33 21.77 23.50 33.72
34 19.36 22.48 43.00
35 47.36 48.43 38.83
36 45.33 47.95 50.57
37 43.44 46.86 55.19
38 8.11 8.11 4.85
39 23.07 23.25 15.85
40 47.23 47.75 33.99
D65 1 000 ->F2 1000
XYZ
1 98.38 100.22 73.71
2 7.89 6.57 2.85
3 10.39 6.82 1.89
4 12.98 6.82 1.09
5 21.57 19.85 11.89
6 27.92 19.56 7.48
7 36.17 20.25 4.18
8 46.39 44.16 29.09
9 52.13 42.90 22.60
10 61.05 44.31 19.01
11 6.71 6.52 2.48
12 6.86 6.55 1.79
13 7.25 6.67 0.56
14 19.95 19.82 8.27
15 21.50 20.07 0.92
16 20.86 19.91 2.19
17 43.12 43.39 21.53
18 44.88 43.59 6.09
19 45.77 43.45 1.63
20 5.84 6.47 2.87
21 4.54 6.73 1.83
22 3.41 6.72 1.08
23 17.64 19.55 10.97
24 13.50 20.43 6.87
25 10.60 19.21 5.03
26 40.72 44.80 27.70
27 34.15 43.86 20.73
28 28.51 42.64 16.49
29 6.47 6.51 5.45
30 6.07 6.49 10.24
31 5.76 6.44 16.28
32 19.76 20.10 16.37
33 18.82 20.15 29.51
34 16.95 19.23 38.29
35 42.60 43.74 35.48
36 40.79 43.27 47.45
37 39.09 42.19 52.31
38 6.79 6.74 3.85
39 19.77 19.92 13.42
40 42.43 43.07 30.74
D65 1 00 -> F2 1 000
XYZ
1 97.49 100.23 74.73
2 6.95 5.91 2.58
3 8.87 6.15 1.86
4 10.84 6.16 1.23
5 19.36 17.94 10.74
6 24.61 17.66 7.01
7 31.57 18.27 4.24
8 43.04 41.17 27.26
9 48.17 39.86 21.15
10 56.46 41.18 17.88
11 6.06 5.87 2.32
12 6.16 5.89 1.78
13 6.46 5.99 0.81
14 18.00 17.92 7.73
15 19.28 18.14 1.46
16 18.74 17.99 2.59
17 39.98 40.41 20.32
18 41.61 40.57 6.49
19 42.40 40.41 2.40
20 5.40 5.81 2.60
21 4.47 6.04 1.81
22 3.61 6.03 1.21
23 16.07 17.66 9.95
24 12.67 18.49 6.54
25 10.18 17.36 4.95
26 37.85 41.84 26.00
27 31.76 40.92 19.55
28 26.57 39.74 15.66
29 5.88 5.86 4.46
30 5.57 5.83 7.95
31 5.33 5.80 12.36
32 17.88 18.17 14.49
33 17.19 18.23 25.68
34 15.65 17.37 33.14
35 39.57 40.79 33.23
36 37.98 40.30 44.56
37 36.43 39.24 49.15
38 6.14 6.05 3.34
39 17.87 18.02 12.04
40 39.34 40.16 28.81
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D65 10,000 ->F2 1000
XYZ
1 173.63 173.04 168.46
2 5.47 4.19 1.06
3 7.97 4.46 0.36
4 10.61 4.52 -0.16
5 22.10 19.66 11.04
6 30.89 19.39 5.50
7 43.00 20.56 2.17
8 62.38 57.93 41.77
9 72.14 55.72 28.66
10 88.24 58.30 22.18
11 4.32 4.17 0.75
12 4.48 4.20 0.27
13 4.93 4.30 -0.49
14 19.89 19.64 6.42
15 22.69 19.98 -0.28
16 21.61 19.76 0.56
17 56.26 56.51 26.59
18 60.28 56.87 3.99
19 62.67 56.64 0.16
20 3.43 4.12 1.05
21 2.24 4.38 0.32
22 1.22 4.37 -0.17
23 16.69 19.29 9.79
24 11.22 20.49 4.84
25 7.65 18.88 2.97
26 52.36 59.03 38.80
27 40.65 57.40 25.19
28 31.13 55.33 17.92
29 4.04 4.14 3.56
30 3.89 4.14 9.13
31 4.27 4.10 17.97
32 19.70 19.99 18.02
33 19.93 20.09 42.89
34 19.37 18.90 63.24
35 56.43 57.14 55.97
36 55.32 56.36 86.77
37 53.60 54.52 100.55
38 4.34 4.34 1.89
39 19.57 19.73 13.26
40 55.72 56.03 45.35
Nayatani
D65 1 000 ->F2 1000
XYZ
1 98.31 99.99 81.61
2 7.79 6.44 2.67
3 10.30 6.69 1.76
4 12.89 6.70 0.99
5 21.52 19.75 11.71
6 27.89 19.48 7.23
7 36.21 20.18 3.97
8 46.37 44.18 30.17
9 52.01 42.88 23.06
10 60.83 44.27 19.20
11 6.57 6.42 2.28
12 6.71 6.44 1.63
13 7.10 6.55 0.44
14 19.84 19.73 8.03
15 21.43 19.97 0.79
16 20.77 19.81 2.03
17 42.97 43.37 21.85
18 44.61 43.57 5.83
19 45.52 43.43 1.48
20 5.64 6.36 2.66
21 4.33 6.63 1.70
22 3.19 6.61 0.97
23 17.49 19.47 10.76
24 13.33 20.34 6.63
25 10.41 19.12 4.81
26 40.71 44.81 28.62
27 33.99 43.87 21.02
28 28.30 42.65 16.50
29 6.29 6.39 5.40
30 5.90 6.38 10.25
31 5.62 6.32 16.53
32 19.68 19.99 16.56
33 18.95 20.06 30.75
34 17.28 19.14 40.57
35 42.76 43.74 37.18
36 41.29 43.28 50.85
37 39.75 42.21 56.49
38 6.63 6.60 3.65
39 19.64 19.80 13.33
40 42.53 43.10 31.99
D65 1 00 -> F2 1 000
XYZ
1 55.76 57.61 39.24
2 10.98 9.65 5.49
3 13.19 9.86 4.51
4 15.44 9.81 3.57
5 20.96 19.83 12.41
6 25.05 19.61 9.40
7 30.07 19.97 6.74
8 34.40 33.65 21.71
9 37.31 32.97 18.50
10 41.58 33.63 16.61
11 9.84 9.64 5.09
12 9.95 9.66 4.36
13 10.21 9.76 2.80
14 19.85 19.82 9.98
15 20.47 19.97 3.29
16 20.20 19.87 4.81
17 32.78 33.24 17.93
18 33.28 33.33 8.32
19 33.34 33.26 4.17
20 8.97 9.58 5.49
21 7.72 9.83 4.44
22 6.59 9.81 3.54
23 18.31 19.65 11.82
24 15.55 20.21 8.95
25 13.47 19.40 7.48
26 31.59 33.96 21.04
27 28.25 33.48 17.52
28 25.28 32.85 15.18
29 9.57 9.61 7.98
30 8.98 9.60 11.49
31 8.22 9.53 15.20
32 19.68 20.00 15.21
33 18.67 20.03 21.95
34 16.95 19.40 25.89
35 32.46 33.42 24.58
36 31.33 33.19 29.62
37 30.32 32.64 31.53
38 9.91 9.81 6.45
39 19.71 19.87 13.39
40 32.45 33.10 22.48
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D65 at all levels -> A 1 000 D65 at all levels -> A 1 000
XYZ XYZ
1 109.85 100.00 35.58 1 109.85 100.00 35.58
2 8.44 6.42 1.84 2 8.11 6.42 1.16
3 11.09 6.64 1.35 3 10.20 6.64 -0.21
4 13.89 6.62 0.93 4 12.37 6.62 -1.31
5 23.71 19.73 6.29 5 23.22 19.73 5.19
6 30.43 19.39 4.14 6 28.27 19.39 -0.08
7 39.35 20.02 2.51 7 35.32 20.02 -4.64
8 51.47 44.16 14.55 8 50.74 44.16 12.80
9 57.38 42.80 11.44 9 54.88 42.80 5.73
10 66.94 44.13 9.73 10 62.54 44.13 0.62
11 7.01 6.41 1.63 11 6.97 6.41 0.71
12 7.06 6.43 1.28 12 7.00 6.43 -0.17
13 7.28 6.54 0.62 13 7.15 6.54 -1.87
14 21.39 19.72 4.54 14 21.29 19.72 0.98
15 22.16 19.94 0.82 15 21.71 19.94
-8.36
16 21.64 19.78 1.50 16 21.30 19.78
-6.57
17 46.98 43.36 10.91 17 46.83 43.36
4.46
18 47.17 43.52 3.45 18 46.53
43.52 -14.04
19 47.60 43.37 1.20 19 46.69
43.37 -19.61
20 6.02 6.37 1.84 20 6.21
6.37 1.25
21 4.37 6.65 1.32 21 4.93
6.65 -0.11
22 2.97 6.64 0.92 22
3.78 6.64 -1.06
23 19.07 19.48 5.84 23
19.51 19.48 4.36
24 13.81 20.39 3.85 24
15.42 20.39 -0.82
25 10.40 19.18 2.94
25 12.40 19.18 -2.39
26 44.88 44.83 13.88
26 45.70 44.83 11.06
27 36.69 43.92 10.54
27 38.86 43.92 3.57
28 29.92 42.74 8.50
28 33.13 42.74 -0.67
29 7.14 6.39 3.24
29 7.17 6.39 4.59
30 7.28 6.40 5.60
30 7.43 6.40 10.10
31 7.63 6.36 8.52
31 7.84 6.36 16.66
32 22.10 20.00 8.53
32 22.16 20.00 10.53
33 22.51 20.09 14.80
33 22.88 20.09 25.30
34 21.45 19.20 18.97
34 22.11 19.20 35.29
35 47.95 43.75 17.55
35 48.10 43.75 20.35
36 47.25 43.32
23.24 36 47.82 43.32 34.20
37 45.95 42.26
25.55 37 46.72 42.26 40.17
38 7.25 6.60
2.35 38 7.25 6.60 2.35
39 21.75 19.80
7.04 39 21.75 19.80 7.04
40 47.35 43.10
15.34 40 47.35 43.10 15.34
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LABHNU2 vori Kries
D65 atall Ievels-> A 1000 D65atall levels -> A 1000
X Y Z X Y Z
1 109.85 100.00 35.58 1 109.85 100.00 35.58
2 8.29 6.42 1.54 2 8.54 6.46 1.84
3 10.69 6.64 0.72 3 11.27 6.75 1.35
4 13.17 6.62 0.11 4 14.05 6.80 0.93
5 23.50 19.73 5.79 5 23.89 19.79 6.29
6 29.46 19.39 2.41 6 31.00 19.64 4.14
7 37.49 20.02 -0.07 7 40.16 20.50 2.51
8 51.17 44.16 13.74 8 51.78 44.25 14.55
9 56.30 42.80 8.95 9 58.32 43.10 11.44
10 64.99 44.13 5.96 10 68.27 44.65 9.73
11 7.01 6.41 1.21 11 7.30 6.42 1.63
12 7.06 6.43 0.66 12 7.51 6.45 1.28
13 7.27 6.54 -0.29 13 8.03 6.56 0.62
14 21.42 19.72 2.95 14 22.51 19.75 4.54
15 22.14 19.94 -2.14 15 24.93 20.03 0.82
16 21.65 19.78 -1.34 16 24.11 19.86 1.50
17 47.05 43.36 7.97 17 49.03 43.41 10.91
18 47.23 43.52 -2.76 18 52.55 43.67 3.45
19 47.61 43.37 -5.24 19 53.92 43.56 1.20
20 6.12 6.37 1.55 20 6.28 6.35 1.84
21 4.66 6.65 0.67 21 5.04 6.60 1.32
22 3.39 6.64 0.09 22 3.92 6.56 0.92
23 19.31 19.48 5.10 23 19.72 19.44 5.84
24 14.66 20.39 1.77 24 15.94 20.24 3.85
25 11.45 19.18 0.67 25 12.89 18.99 2.94
26 45.32 44.83 12.47 26 46.11 44.76 13.88
27 37.86 43.92 7.27 27 39.78 43.72 10.54
28 31.61 42.74 4.37 28 34.11 42.43 8.50
29 7.13 6.39 3.98 29 6.70 6.38 3.24
30 7.26 6.40 8.50 30 5.79 6.36 5.60
31 7.57 6.36 14.53 31 4.81 6.29 8.52
32 22.08 20.00 9.58 32 21.46 19.99 8.53
33 22.46 20.09 21.22 33 19.08 20.00 14.80
34 21.41 19.20 29.87 34 16.04 19.05 18.97
35 47.96 43.75 18.98 35 47.08 43.72 17.54
36 47.28 43.32 29.33 36 43.80 43.21 23.24
37 46.00 42.26 33.96 37 41.32 42.11 25.54
38 7.25 6.60 2.35 38 7.25 6.60 2.35
39 21.75 19.80 7.04 39 21.75 19.80 7.04
40 47.35 43.10 15.33 40 47.35 43.10 15.33
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Fairchild Hardcopy
D65 1 0,000 -> A 1 000 D65 1000' -> A 1 000 D65 100 -> A 1 000
X Y Z X Y Z X Y Z
1 84.85 80.36 37.14 1 99.19 94.35 43.88 1 113.26 108.25 50.71
2 7.00 5.26 1.83 2 7.72 6.08 2.27 2 8.43 6.90 2.71
3 9.75 5.58 1.20 3 10.22 6.34 1.67 3 10.66 7.09 2.14
4 12.59 5.68 0.67 4 12.78 6.38 1.15 4 12.94 7.06 1.63
5 19.07 16.02 6.42 5 21.59 18.65 7.76 5 24.05 21.26 9.11
6 26.56 16.24 3.76 6 28.10 18.48 5.11 6 29.56 20.69 6.47
7 35.82 17.20 1.66 7 36.49 19.24 3.10 7 37.05 21.23 4.53
8 40.91 35.76 14.95 8 46.78 41.73 17.94 8 52.51 47.66 20.97
9 48.19 35.28 11.18 9 52.76 40.60 14.12 9 57.18 45.86 17.07
10 58.12 36.87 8.93 10 61.84 42.01 12.00 10 65.39 47.09 15.08
11 5.80 5.29 1.58 11 6.56 6.06 2.01 11 7.31 6.82 2.45
12 6.07 5.38 1.15 12 6.75 6.08 1.58 12 7.40 6.77 2.02
13 6.68 5.61 0.32 13 7.20 6.19 0.76 13 7.68 6.75 1.20
14 18.00 16.37 4.27 14 20.23 18.63 5.59 14 22.41 20.86 6.93
15 21.00 17.35 -0.34 15 22.30 18.89 1.01 15 23.51 20.39 2.34
16 20.09 17.07 0.51 16 21.57 18.73 1.85 16 22.97 20.35 3.18
17 38.95 35.79 10.54 17 44.10 40.95 13.46 17 49.11 46.05 16.40
18 43.69 37.52 1.33 18 47.02 41.19 4.26 18 50.17 44.79 7.18
19 45.46 37.86 -1.45 19 48.19 41.08 1.48 19 50.73 44.22 4.38
20 4.77 5.20 1.84 20 5.64 5.99 2.26 20 6.49 6.78 2.69
21 3.57 5.55 1.19 21 4.45 6.24 1.63 21 5.31 6.93 2.06
22 2.53 5.61 0.71 22 3.39 6.21 1.13 22 4.24 6.81 1.56
23 15.05 15.87 5.90 23 17.72 18.35 7.21 23 20.34 20.82 8.52
24 11.46 17.04 3.41 24 14.08 19.14 4.75 24 16.64 21.21 6.09
25 8.81 16.15 2.38 25 11.26 17.97 3.63 25 13.67 19.75 4.87
26 35.28 36.43 14.12 26 41.46 42.24 17.12 26 47.53 48.02 20.15
27 29.72 36.28 10.10 27 35.48 41.30 13.00 27 41.12 46.28 15.93
28 24.65 35.63 7.69 28 30.19 40.11 10.49 28 35.60 44.55 13.30
29 4.94 4.93 3.57 29 6.09 6.02 4.00 29 7.22 7.11 4.44
30 3.63 4.44 6.47 30 5.35 6.00 6.91 30 7.07 7.57 7.36
31 2.17 3.79 10.07 31 4.58 5.93 10.51 31 7.00 8.09 10.97
32 16.22 15.77 9.17 32 19.43 18.86 10.52 32 22.59 21.93 11.90
33 12.78 14.53 16.89 33 17.51 18.87 18.25 33 22.22 23.23 19.66
34 9.21 12.86 22.10 34 14.92 17.98 23.40 34 20.64 23.12 24.76
35 35.81 34.74 18.69 35 42.57 41.25 21.64 35 49.23 47.73 24.64
36 31.66 33.15 25.74 36 39.82 40.77 28.66
36 47.89 48.38 31.65
37 29.00 31.73 28.66 37 37.67 39.74 31.51
37 46.28 47.75 34.43
38 5.60 5.30 2.45 38 6.55 6.23 2.90
38 7.48 7.14 3.35
39 16.80 15.91 7.35 39 19.64 18.68 8.69
39 22.43 21.43 10.04
40 36.57 34.64 16.01 40 42.75 40.66
18.91 40 48.82 46.66 21.86
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Fairchild Softcopy
D65 10,000->A 1000 D65 1 000 -> A 1 000 D65 1 00 -> A 1 000
X Y Z X Y Z X Y Z
1 93.38 85.00 30.24 1 109.85 100.00 35.58 1 126.33 114.99 40.91
2 7.69 5.58 1.49 2 8.54 6.46 1.84 2 9.40 7.34 2.19
3 10.68 5.93 0.98 3 11.28 6.75 1.35 3 11.87 7.57 1.73
4 13.75 6.04 0.54 4 14.06 6.80 0.93 4 14.36 7.56 1.32
5 20.96 16.96 5.22 5 23.90 19.78 6.29 5 26.83 22.61 7.36
6 29.12 17.23 3.05 6 31.02 19.65 4.14 6 32.93 22.07 5.23
7 39.19 18.29 1.34 7 40.20 20.50 2.51 7 41.21 22.71 3.68
8 45.00 37.84 12.17 8 51.79 44.25 14.55 8 58.57 50.66 16.92
9 52.95 37.37 9.09 9 58.36 43.10 11.44 9 63.77 48.83 13.79
10 63.78 39.10 7.26 10 68.33 44.65 9.73 10 72.88 50.20 12.20
11 6.42 5.60 1.29 11 7.31 6.42 1.63 11 8.19 7.25 1.98
12 6.73 5.70 0.93 12 7.53 6.45 1.28 12 8.32 7.21 1.63
13 7.44 5.94 0.26 13 8.06 6.57 0.62 13 8.68 7.19 0.98
14 19.94 17.32 3.47 14 22.55 19.75 4.54 14 25.16 22.19 5.60
15 23.42 18.37 -0.29 15 25.03 20.05 0.82 15 26.64 21.73 1.92
16 22.40 18.06 0.41 16 24.20 19.87 1.50 16 25.99 21.68 2.59
17 43.12 37.86 8.57 17 49.10 43.42 10.91 17 55.09 48.97 13.25
18 48.72 39.69 1.06 18 52.75 43.70 3.45 18 56.77 47.71 5.85
19 50.77 40.07 -1.21 19 54.15 43.60 1.20 19 57.53 47.13 3.60
20 5.30 5.49 1.50 20 6.29 6.35 1.83 20 7.29 7.20 2.17
21 4.07 5.85 0.97 21 5.07 6.60 1.32 21 6.07 7.35 1.67
22 2.97 5.91 0.57 22 3.95 6.57 0.92 22 4.93 7.22 1.26
23 16.68 16.77 4.81 23 19.75 19.45 5.84 23 22.81 22.12 6.88
24 13.02 17.99 2.77 24 16.01 20.25 3.85 24 18.99 22.51 4.92
25 10.18 17.04 1.94 25 12.97 19.00 2.94 25 15.76 20.96 3.94
26 39.04 38.51 11.49 26 46.15 44.76 13.88 26 53.26 51.01 16.27
27 33.28 38.32 8.21 27 39.88 43.74 10.54 27 46.48 49.15 12.87
28 27.93 37.61 6.25 28 34.25 42.45 8.50 28 40.57 47.30 10.76
29 5.39 5.22 2.91 29 6.69 6.38 3.24 29 7.99 7.54 3.58
30 3.82 4.69 5.28 30 5.74 6.35 5.60 30 7.66 8.01 5.92
31 2.04 4.00 8.22 31 4.71 6.27 8.52 31 7.37 8.53 8.82
32 17.77 16.68 7.47 32 21.44 19.98 8.53 32 25.10 23.28 9.59
33 13.65 15.36 13.77 33 18.96 19.98 14.80 33 24.27 24.59 15.82
34 9.49 13.59 18.02 34 15.84 19.01 18.97 34 22.20 24.43 19.92
35 39.31 36.74 15.22 35 47.04 43.71 17.54 35 54.78 50.68 19.86
36 34.44 35.05 20.98 36 43.68 43.18 23.24 36 52.90 51.31 25.50
37 31.38 33.55 23.36 37 41.15 42.08 25.54 37 50.93 50.60 27.73
38 6.16 5.61 2.00 38 7.25 6.60 2.35 38 8.34 7.59 2.70
39 18.49 16.83 5.99 39 21.75 19.80 7.04 39 25.01 22.77 8.10
40 40.24 36.64 13.03 40 47.35 43.10 15.33 40 54.45 49.56 17.63
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D65 10,000->A 1000 D65 1000->A1000 D65 1 00 -> A 1 000
X Y Z X Y Z X Y Z
1 109.77 99.92 35.54 1 109.76 99.92 35.54 1 109.76 99.92 35.54
2 10.53 7.96 2.24 2 8.58 6.60 1.91 2 7.47 5.91 1.77
3 14.11 8.27 1.57 3 11.35 6.87 1.39 3 9.60 6.16 1.39
4 17.71 8.31 1.01 4 14.17 6.89 0.95 4 11.77 6.18 1.04
5 28.03 23.29 7.45 5 23.97 19.93 6.37 5 21.47 17.99 5.80
6 36.37 23.13 4.88 6 31.10 19.75 4.21 6 27.40 17.79 3.98
7 46.87 24.05 2.88 7 40.23 20.57 2.56 7 35.14 18.52 2.61
8 57.14 49.00 16.23 8 51.85 44.29 14.60 8 48.31 41.28 13.62
9 64.03 47.92 12.96 9 58.40 43.15 11.49 9 54.19 40.07 10.73
10 74.15 49.50 11.08 10 68.35 44.69 9.77 10 63.48 41.52 9.18
11 8.98 7.89 2.01 11 7.41 6.53 1.73 11 6.58 5.84 1.64
12 9.27 7.91 1.52 12 7.63 6.55 1.36 12 6.75 5.86 1.38
13 9.97 8.05 0.61 13 8.18 6.66 0.65 13 7.17 5.96 0.82
14 26.52 23.24 5.36 14 22.70 19.88 4.60 14 20.42 17.94 4.35
15 29.33 23.59 0.81 15 25.17 20.18 0.85 15 22.48 18.19 1.17
16 28.39 23.40 1.66 16 24.34 20.00 1.54 16 21.78 18.03 1.77
17 54.38 48.19 12.40 17 49.18 43.48 11.00 17 45.78 40.48 10.37
18 58.00 48.53 3.90 18 52.78 43.77 3.50 18 49.10 40.72 3.71
19 59.39 48.44 1.19 19 54.17 43.66 1.23 19 50.35 40.59 1.66
20 7.72 7.78 2.25 20 6.46 6.44 1.91 20 5.88 5.76 1.77
21 6.07 8.08 1.54 21 5.21 6.68 1.36 21 4.98 5.97 1.36
22 4.58 8.05 1.01 22 4.07 6.67 0.95 22 4.12 5.95 1.04
23 23.29 22.89 6.92 23 19.93 19.56 5.92 23 18.09 17.65 5.42
24 18.86 23.78 4.52 24 16.16 20.39 3.91 24 15.00 18.42 3.76
25 15.31 22.39 3.41 25 13.12 19.14 3.00 25 12.37 1 7.27 2.97
26 51.25 49.51 15.51 26 46.19 44.83 13.93 26 43.14 41.85 13.03
27 44.78 48.49 11.97 27 39.95 43.82 10.61 27 37.32 40.85 9.99
28 38.89 47.18 9.74 28 34.35 42.54 8.58 28 32.11 39.60 8.16
29 8.20 7.82 3.99 29 6.81 6.47 3.21 29 6.15 5.79 2.72
30 6.94 7.80 7.08 30 5.86 6.46 5.60 30 5.44 5.77 4.44
31 5.55 7.71 10.80 31 4.83 6.39 8.57 31 4.66 5.72 6.62
32 25.20 23.50 10.04 32 21.63 20.15 8.54 32 19.55 18.17 7.59
33 22.25 23.50 17.05 33 19.11 20.13 14.91 33 17.50 18.18 12.96
34 18.56 22.44 21.49 34 16.01 19.17 19.10 34 14.87 17.29 16.49
35 52.21 48.47 19.35 35 47.09 43.78 17.63 35 43.90 40.80 16.42
36 48.69 47.95 24.98 36 43.73 43.25 23.33 36 40.81 40.27 21.73
37 46.03 46.84 27.21 37 41.21 42.15 25.64 37 38.46 39.18 23.90
38 8.92 8.12 2.89 38 7.39 6.72 2.39 38 6.60 6.00 2.14
39 25.62 23.33 8.30 39 21.93 19.96 7.10 39 19.79 18.02 6.41
40 52.52 47.81 17.01 40 47.37 43.13 15.34 40 44.11 40.15 14.28
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Hunt Incomplete Adaptation
D65 1 0,000 -> A 1000 D65 100Cl->A1000 D65 100 ->A1000
X Y Z X Y Z X Y Z
1 107.87 100.95 44.24 1 107.17 1 00.94 44.65 1 106.18 100.91 45.29
2 11.02 8.09 1.35 2 9.19 6.76 0.97 2 8.16 6.10 0.82
3 14.50 8.41 0.66 3 11.89 7.04 0.46 3 10.24 6.35 0.45
4 18.04 8.45 0.16 4 14.66 7.05 0.10 4 12.36 6.37 0.16
5 27.99 23.40 7.58 5 24.05 20.06 6.25 5 21.65 18.15 5.56
6 36.07 23.21 4.44 6 30.93 19.86 3.62 6 27.35 17.93 3.34
7 46.30 24.10 2.09 7 39.80 20.64 1.71 7 34.83 18.62 1.75
8 56.26 49.21 18.80 8 50.93 44.48 16.80 8 47.30 41.47 15.67
9 62.94 48.07 14.60 9 57.26 43.29 12.79 9 52.95 40.22 11.90
10 72.83 49.63 12.20 10 66.93 44.80 10.58 10 61.93 41.63 9.89
11 9.49 8.03 1.10 11 8.03 6.70 0.79 11 7.29 6.04 0.70
12 9.78 8.06 0.61 12 8.26 6.72 0.43 12 7.46 6.05 0.43
13 0.00 0.00 0.00 13 0.00 0.00 0.00 13 7.91 6.17 0.01
14 26.39 23.36 5.02 14 22.72 20.02 4.09 14 20.54 18.11 3.77
15 29.01 23.70 0.03 15 25.06 20.33 0.05 15 22.48 18.36 0.27
16 28.09 23.50 0.76 16 24.23 20.14 0.63 16 21.79 18.20 0.84
17 53.31 48.41 13.86 17 48.08 43.69 12.15 17 44.61 40.70 11.41
18 56.47 48.72 3.30 18 51.26 43.94 2.81 18 47.51 40.89 3.03
19 57.81 48.61 0.33 19 52.59 43.82 0.35 19 48.68 40.75 0.74
20 8.26 7.92 1.36 20 7.10 6.61 0.98 20 6.59 5.96 0.83
21 6.64 8.23 0.63 21 5.90 6.86 0.44 21 5.73 6.17 0.43
22 5.22 8.21 0.16 22 4.81 6.84 0.10 22 4.92 6.15 0.15
23 23.31 23.01 6.93 23 20.07 19.71 5.69 23 18.34 17.83 5.09
24 18.81 23.93 4.00 24 16.27 20.56 3.27 24 15.22 18.62 3.07
25 15.34 22.55 2.70 25 13.30 19.32 2.20 25 12.67 17.48 2.15
26 50.35 49.75 17.87 26 45.26 45.05 15.93 26 42.12 42.07 14.89
27 43.77 48.75 13.32 27 38.95 44.05 11.65 27 36.27 41.11 10.92
28 37.86 47.45 10.48 28 33.35 42.79 9.07 28 31.11 39.87 8.56
29 8.78 7.97 3.32 29 7.49 6.65 2.40 29 6.88 6.00 1.84
30 7.70 7.95 7.02 30 6.66 6.63 5.21 30 6.25 5.97 3.84
31 6.54 7.86 11.61 31 5.81 6.57 8.85 31
5.61 5.93 6.48
32 25.33 23.63 10.83 32 21.87 20.30 8.97
32 19.87 18.35 7.80
33 22.86 23.65 19.75 33 19.79 20.30 17.09 33
18.20 18.38 14.70
34 19.53 22.60 25.45 34 17.07 19.36 22.51
34 15.92 17.51 19.31
35 51.58 48.70 22.84 35 46.43 43.99
20.76 35 43.16 41.03 19.36
36 48.46 48.19 30.18 36 43.52 43.48
28.24 36 40.53 40.50 26.43
37 46.02 47.08 33.09 37 41.24
42.38 31.29 37 38.44 39.42 29.32
38 9.44 8.26 2.07 38 8.01
6.90 1.50 38 7.29 6.20 1.22
39 25.66 23.45 8.64 39
22.08 20.11 7.16 39 20.04 18.20 6.32
40 51.76 48.05 19.85 40
46.55 43.36 17.83 40 43.20 40.41 16.61
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Nayatani
1365 1 0,000 -> A 1000 D65 1000->A1000 D65 10CI -> A 1 000
X Y Z X Y Z X Y Z
1 185.59 1 73.00 139.06 1 105.88 99.97 60.01 1 60.81 57.59 25.55
2 6.33 4.22 -0.19 2 8.87 6.46 0.62 2 12.30 9.67 2.18
3 9.03 4.52 -0.52 3 11.59 6.75 0.15 3 14.71 9.91 1.62
4 11.84 4.62 -0.75 4 14.36 6.80 -0.22 4 17.11 9.90 1.10
5 24.45 19.70 5.55 5 23.81 19.77 5.97 5 23.18 19.85 6.43
6 33.94 19.55 2.19 6 30.71 19.59 3.20 6 27.62 19.69 4.52
7 46.83 - 20.85 0.37 7 39.63 20.39 1.32 7 33.05 20.11 2.91
8 67.48 57.97 27.48 8 50.51 44.21 18.74 8 37.76 33.66 12.68
9 78.01 55.89 17.65 9 56.61 42.99 13.63 9 40.90 33.03 10.47
10 95.08 58.61 13.01 10 66.02 44.46 10.95 10 45.48 33.73 9.18
11 5.16 4.18 -0.34 11 7.64 6.43 0.42 11 11.15 9.65 1.95
12 5.40 4.21 -0.56 12 7.86 6.45 0.09 12 11.34 9.67 1.54
13 5.97 4.32 -0.88 13 8.41 6.57 -0.48 13 11.78 9.77 0.69
14 22.56 19.66 2.73 14 22.38 19.75 3.68 14 22.24 19.83 4.88
15 26.16 20.05 -0.80 15 24.74 20.02 -0.32 15 23.50 20.01 0.96
16 24.93 19.82 -0.43 16 23.91 19.85 0.29 16 23.06 19.90 1.80
17 61.95 56.53 16.14 17 47.46 43.39 12.78 17 36.32 33.25 10.07
18 67.77 56.98 1.34 18 50.38 43.63 2.38 18 37.57 33.37 3.86
19 70.59 56.78 -0.61 19 51.73 43.51 0.01 19 38.00 33.30 1.44
20 4.20 4.11 -0.20 20 6.62 6.35 0.62 20 10.22 9.58 2.18
21 3.08 4.36 -0.54 21 5.40 6.61 0.12 21 9.05 9.81 1.59
22 2.08 4.33 -0.75 22 4.29 6.57 -0.23 22 7.96 9.77 1.09
23 18.94 19.27 4.76 23 19.70 19.45 5.37 23 20.49 19.64 6.04
24 13.87 20.41 1.81 24 15.86 20.28 2.85 24 17.94 20.17 4.24
25 10.19 18.77 0.78 25 12.88 19.04 1.79 25 15.83 19.34 3.35
26 57.48 58.97 25.21 26 44.85 44.77 17.61 26 34.95 33.94 12.21
27 46.12 57.28 15.14 27 38.36 43.79 12.20 27 31.71 33.44 9.80
28 36.66 55.14 10.07 28 32.72 42.54 9.11 28 28.77 32.79 8.23
29 4.57 4.14 1.10 29 7.04 6.38 2.13 29 10.62 9.60 3.65
30 3.90 4.12 4.36 30 6.21 6.36 5.05 30 9.71 9.58 5.83
31 3.60 4.06 10.11 31 5.41 6.27 9.13 31 8.63 9.48 8.24
32 21.49 19.98 10.14 32 21.57 19.99 9.15 32 21.67 19.99 8.26
33 20.24 20.02 28.35 33 19.90 20.00 19.17 33 20.16 19.99 12.85
34 18.57 18.79 44.61 34 17.52 19.05 26.56 34 18.06 19.35 15.64
35 60.65 57.11 38.69 35 46.37 43.71 23.98 35 35.56 33.41 14.71
36 58.28 56.26 64.44 36 44.13 43.22 34.59 36 34.06 33.15 18.34
37 55.93 54.39 76.47 37 42.20 42.13 39.11 37 32.86 32.60 19.75
38 5.09 4.35 0.22 38 7.58 6.60 1.15 38 11.12 9.81 2.74
39 21.68 19.73 6.97 39 21.76 19.80 7.02 39 21.83 19.87 7.06
40 60.32 56.01 30.26 40 46.37 43.09 20.09 40 35.65 33.10 13.22
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APPENDIX C
Spectral Data Of Sources













































































Test-Field Color Centers' Spectral Data
TABLE D. Spectral reflectance data of test-field color centers used in the
psychophysical experiment.





380 3.58 6.67 8.44 6.08 6.88 5.78 6.47 7.17
390 5.06 9.94 12.85 8.77 9.47 6.60 8.74 5.98 7.79 11.00
400 5.84 12.96 17.52 10.78 11.04 5.96 9.83 6.50 10.98 15.21
410 8.22 22.60 33.22 16.59 15.90 6.19 14.05 8.36 20.87 28.77
420 8.74 29.35 47.35 18.72 16.82 4.80 14.71 8.17 31.58 42.05
430 7.18 28.53 49.28 15.59 13.58 3.23 12.10 6.46 36.76 45.46
440 5.79 26.51 48.24 11.96 10.59 2.47 10.23 5.26 40.16 45.43
450 5.19 25.32 47.00 9.36 9.03 2.65 10.07 5.07 41.19 43.30
460 6.11 26.84 47.72 8.18 9.42 4.07 12.87 6.91 40.81 40.78
470 8.55 30.33 49.52 7.22 10.77 9.41 20.65 12.44 39.03 37.49
480 10.13 32.16 50.03 5.35 10.63 20.62 31.64 20.12 35.42 33.07
490 9.06 30.60 48.49 3.45 8.78 31.22 38.94 23.86 30.78 28.44
500 6.94 27.48 46.02 2.25 6.87 34.66 40.11 22.58 26.16 24.47
510 5.38 24.80 43.83 1.69 5.71 34.23 38.94 20.04 22.29 21.65
520 4.89 23.80 42.81 1.67 5.62 33.96 38.40 18.50 19.75 20.65
530 5.46 24.70 43.23 2.30 6.91 35.39 39.51 18.26 18.27 21.52
540 6.50 26.26 44.16 3.75 9.53 38.20 41.70 18.11 16.58 22.99
550 7.21 27.16 44.58 5.98 13.08 41.46 43.96 17.09 14.12 23.77
560 7.48 27.34 44.47 9.09 17.50 44.73 45.91 15.54 11.61 23.86
570 7.53 27.26 44.26 13.91 23.81 48.71 48.07 13.91 9.41 23.71
580 6.93 26.29 43.51 19.56 31.21 52.87 49.83 11.89 7.24 22.69
590 5.72 24.32 42.00 23.74 37.40 55.90 50.37 9.66 5.31 20.74
600 4.69 22.43 40.48 25.93 41.53 57.57 50.11 7.99 4.07 18.92
610 4.21 21.52 39.77 27.24 44.28 58.62 49.97 7.22 3.57 18.08
620 4.18 21.48 39.82 28.40 46.38 59.54 50.24 7.11 3.53 18.06
630 4.35 21.90 40.29 29.51 48.10 60.51 50.80 7.32 3.70 18.48
640 4.76 22.72 41.10 30.68 49.62 61.57 51.60 7.84 4.10 19.29
650 5.73 24.48 42.61 32.45 51.36 62.85 52.90 9.08 5.08 21.04
660 7.95 27.83 45.15 35.39 53.56 64.20 54.79 11.78 7.35 24.42
670 12.30 32.97 48.56 39.66 56.10 65.24 57.07 16.69 11.92 29.72
680 19.64 40.04 53.33 45.72 59.79 67.01 60.47 24.40 19.68 37.08
690 29.57 47.91 58.56 52.65 63.77 68.96 64.14 34.23 30.06 45.39
700 40.33 55.08 62.89 58.95 66.84 70.27 66.90 44.39 41.07 53.10
710 50.18 60.82 65.98 63.92 68.90 71.08 68.73 53.35 50.89 59.36
720 58.35 65.21 68.12 67.58 70.35 71.81 70.01 60.55 58.89 64.15
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APPENDIX E
AE*ab's Between Model Predictions
TABLE El. AE*ab's between model predictions for 3N (SET III)
"sample" "standard"
AE*ab
AL* Aa* Ab* AC*
F91S-a F91H-a 10.53 0.88 1.35 10.41 4.18
HNU-a F91H-a 3.29 -2.53 -1.73 1.18 0.03
HuntC-a F91H-a 4.68 -4.66 0.11 0.49 -0.50
Huntl-a F91H-a 12.80 -5.54 -2.87 -11.18 11.54
LAB-a "F91H-a 2.95 -2.53 -1.37 -0.64 1.14
LUV-a F91H-3 3.89 -2.53 -2.28 1.88 0.18
Naya-a F91H-3 11.27 3.98 0.74 -10.51 10.39
vK-a F91H-a 2.59 -2.51 -0.18 -0.60 0.63
HNU-a F91S-a 10.31 -3.41 -3.08 -9.23 -4.15
HuntC-a F91S-a 11.43 -5.54 -1.24 -9.92 -4.68
Huntl-a F91S-a 22.92 -6.42 -4.22 -21.59 7.36
LAB-a F91S-3 11.88 -3.41 -2.71 -11.05 -3.04
LUV-a F91S-a 9.88 -3.41 -3.62 -8.53 -4.00
Naya-a F91S-a 21.16 3.09 -0.61 -20.92 6.21
vK-a F91S-3 11.62 -3.39 -1.53 -11.01 -3.55
HuntC-a HNU-3 2.90 -2.12 1.84 -0.69 -0.53
Huntl-a HNU-a 12.77 -3.01 -1.14 -12.36 11.51
LAB-a HNU-3 1.85 0.00 0.37 -1.82 1.11
LUV-a HNU-3 0.89 0.00 -0.54 0.70 0.15
Naya-a HNU-a 13.61 6.51 2.47 -1 1 .69 10.36
vK-a HNU-a 2.36 0.02 1.55 -1.78 0.59
Huntl-a HuntC-3 12.08 -0.88 -2.98 -11.67 12.04
LAB-a HuntC-a 2.82 2.12 -1.47 -1.13 1.64
LUV-a HuntC-a 3.48 2.12 -2.39 1.39 0.68
Naya-a HuntC-s 14.00 8.63 0.63 -1 1 .00 10.89
vK-a HuntC-3 2.43 2.15 -0.29 -1.09 1.13
LAB-a Huntl-3 11.07 3.01 1.50 10.54 -10.40
LUV-a Huntl-3 13.42 3.01 0.59 13.06 -11.36
Naya-a Huntl-a 10.20 9.52 3.61 0.67
-1.15
vK-a Huntl-a 11.33 3.03 2.69 10.58
-10.91




LAB-a 12.01 6.51 2.10 -9.88 9.25
LAB-a 1.19 0.02 1.19 0.04 -0.51
Naya-a
vK-a
LUV-a 14.32 6.51 3.02 -12.39 10.21
LUV-3 3.25 0.02 2.10 -2.48 0.44
vK-a Nsya-a 11.88 -6.49 -0.92
9.91 -9.77
117
TABLE Ell. AE*ab's between model predictions for 5.5N (SET I)
"ssmple" "standard"
AE*ab
AL* Aa* Ab* AC*
FS-b F91H-b 16.65 1.43 2.42 16.41 8.75
HNU-b F91H-b 4.74 -3.97 -2.15 1.44 0.21
HuntC-b F91H-b 6.88 -6.88 -0.07 -0.22 0.23
Huntl-b F91H-b 8.24 -7.33 -0.41 3.74 -2.22
LAB-b F91 H-b 4.37 -3.97 -1.66 -0.78 1.46
LUV-b F91H-b 5.41 -3.97 -2.86 2.31 0.46
Naya-b F91H-b 7.51 -5.77 -0.53 4.78 -1.83
vK-b F91 H-b 4.02 -3.94 -0.28 -0.74 0.79
HNU-b F91S-b 16.56 -5.40 -4.57 -14.97 -8.54
HuntC-b F91S-b 18.76 -8.31 -2.49 -16.63 -8.52
Huntl-b F91S-b 15.66 -8.76 -2.83 -12.67 -10.97
LAB-b F91S-b 18.48 -5.40 -4.08 -17.20 -7.30
LUV-b F91S-b 16.00 -5.40 -5.28 -14.11 -8.29
Nsys-b F91 S-b 14.00 -7.20 -2.95 -11.64 -10.58
vK-b F91S-b 18.17 -5.37 -2.70 -17.15 -7.96
HuntC-b HNU-b 3.94 -2.91 2.08 -1.66 0.02
Huntl-b HNU-b 4.43 -3.36 1.74 2.30 -2.43
LAB-b HNU-b 2.28 0.00 0.49 -2.23 1.25
LUV-b HNU-b 1.12 0.00 -0.71 0.87 0.26
Nsys-b HNU-b 4.12 -1.81 1.62 3.33 -2.03
vK-b HNU-b 2.87 0.03 1.87 -2.18 0.58
Huntl-b HuntC-b 4.00 -0.45 -0.34 3.96 -2.45
LAB-b HuntC-b 3.36 2.91 -1.59 -0.57 1.23
LUV-b HuntC-b 4.76 2.91 -2.79 2.53 0.24
Nsys-b HuntC-b 5.14 1.10 -0.46 5.00 -2.06
vK-b HuntC-b 2.99 2.94 -0.21 -0.52 0.56
LAB-b Huntl-b 5.78 3.36 -1.25 -4.53 3.68
LUV-b Huntl-b 4.40 3.36 -2.45 -1.43
2.69
Nsys-b Huntl-b 1.88 1.56 -0.12 1.04 0.39
vK-b Huntl-b 5.62 3.39 0.13
-4.48 3.01




LAB-b 5.96 -1.81 1.13 5.56 -3.28
LAB-b 1.38 0.03 1.38 0.05 -0.67
Nsys-b
vK-b
LUV-b 3.84 -1.81 2.33 2.47 -2.29
LUV-b 3.99 0.03 2.58 -3.05
0.32
vK-b Nsys-b 5.82 1.83
0.25 -5.52 2.62
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AL* Aa* Ab* AC*
F91S-C F91H-C 19.92 1.71 2.95 19.62 10.84
HNU-c F91 H-c 5.54 -4.73 -2.27 1.76 -0.89
HuntC-c F91H-C 7.49 -7.42 0.20 -0.98 0.98
Huntl-c F91H-C 13.49 -7.89 0.73 10.92 1.90
LAB-c F91H-C 5.20 -4.73 -1.94 -0.93 1.29
LUV-c F91 H-c 6.17 -4.73 -2.82 2.77 -1.13
Nsys-c F91H-C 16.84 -11.69 -0.64 12.10 3.08
vK-c F91H-C 4.80 -4.71 -0.02 -0.89 0.89
HNU-c F91 S-c 19.69 -6.45 -5.22 -17.86 -11.73
HuntC-c F91 S-c 22.70 -9.13 -2.75 -20.60 -9.86
Huntl-c F91S-C 13.14 -9.60 -2.22 -8.70 -8.94
LAB-c F91S-C 22.09 -6.45 -4.89 -20.55 -9.55
LUV-c F91S-C 18.94 -6.45 -5.77 -16.85 -11.97
Nsys-c F91S-C 15.78 -13.40 -3.59 -7.52 -7.75
vK-c F91S-C 21.70 -6.42 2.97 -20.51 -9.95
HuntC-c HNU-c 4.57 -2.68 2.48 -2.74 1.88
Huntl-c HNU-c 10.15 -3.15 3.01 9.16 2.79
LAB-c HNU-c 2.71 0.00 0.33 -2.69 2.18
LUV-c HNU-c 1.15 0.00 -0.55 1.01 -0.24
Nays-c HNU-c 12.57 -6.95 1.63 10.34 3.98
vK-c HNU-c 3.48 0.02 2.25 -2.65 1.79
Huntl-c HuntC-c 11.93 -0.47 0.53 11.90 0.92
LAB-c HuntC-c 3.44 2.68 -2.14 0.05 0.31
LUV-c HuntC-c 5.51 2.68 -3.02 3.75 -2.12
Nsys-c HuntC-c 13.79 -4.27 -0.84 13.09 2.10
vK-c HuntC-c 2.72 2.70 -0.22 0.09 -0.09
LAB-c Huntl-c 12.55 3.15 -2.67 -11.85 -0.61
LUV-c Huntl-c 9.44 3.15 -3.55 -8.15 -3.03
Nsys-c Huntl-c 4.21 -3.80 -1.37 1.18 1.18
vK-c Huntl-c 12.26 3.17 -0.75 -11.81 -1.01
LUV-c LAB-c 3.80 0.00 -0.88 3.70 -2.42
Naya-c LAB-c 14.83 -6.95 1.30 13.03 1.79




LUV-c 11.84 -6.95 2.18 9.33 4.22
LUV-c 4.61 0.02 2.80 -3.66 2.03





AE*ab's between inodel predictions for 0.5 R (SET
"sample" "standard"
AE*ab
AL* Aa* Ab* AC*
F91S-d F91 H-d 12.55 1.70 6.48 10.61 11.28
HNU-d F91H-d 12.61 -2.27 9.94 -7.42 6.48
HuntC-d F91H-d 5.71 -5.42 1.15 1.39 1.69
Huntl-d F91 H-d 10.65 -5.87 3.93 -7.97 -0.53
LAB-d F91H-d 7.07 -2.27 4.65 4.83 6.47
LUV-d F91H-d 20.42 -2.27 15.86 -12.67 11.38
Naya-d F91 H-d 12.41 -1.18 -3.67 -11.80 -7.78
vK-d F91H-d 6.89 -2.62 4.78 4.21 6.26
HNU-d F91 S-d 18.78 -3.96 3.46 -18.03 -4.80
HuntC-d F91S-d 12.81 -7.11 -5.33 -9.22 -9.59
Huntl-d F91S-d 20.22 -7.57 -2.55 -18.58 -10.74
LAB-d F91S-d 7.24 -3.96 -1.83 -5.78 -4.80
LUV-d F91 S-d 25.40 -3.96 9.38 -23.27 0.10
Naya-d F91S-d 24.77 -2.88 -10.15 -22.40 -19.05
vK-d F91S-d 7.90 -4.32 -1.70 -6.40 -5.02
HuntC-d HNU-d 12.84 -3.15 -8.80 8.81 -4.79
Huntl-d HNU-d 7.03 -3.60 -6.01 -0.55 -5.95
LAB-d HNU-d 13.34 0.00 -5.29 12.25 -0.01
LUV-d HNU-d 7.91 0.00 5.92 -5.24 4.90
Naya-d HNU-d 14.34 1.08 -13.61 -4.37 -14.26
vK-d HNU-d 12.73 -0.36 -5.16 11.63 -0.22
Huntl-d HuntC-d 9.78 -0.45 2.78 -9.36 -1.16
LAB-d HuntC-d 5.83 3.15 3.50 3.44 4.78
LUV-d HuntC-d 20.59 3.15 14.72 -14.05 9.69
Naya-d HuntC-d 14.66 4.23 -4.82 -13.18 -9.46
vK-d HuntC-d 5.38 2.79 3.63 2.82 4.57
LAB-d Huntl-d 13.32 3.60 0.72 12.80 5.94
LUV-d Huntl-d 13.32 3.60 11.93 -4.69 10.84
Naya-d Huntl-d 9.72 4.69 -7.60 -3.82 -8.31
vK-d Huntl-d 12.64 3.25 0.85 12.18 5.72
LUV-d LAB-d 20.78 0.00 11.21 -17.49
4.91
Naya-d LAB-d 18.62 1.08 -8.32 -16.62 -14.25




LUV-d 19.58 1.08 -19.53 0.87 -19.15
LUV-d 20.20 -0.36 -1 1 .08 16.88 -5.12
vK-d Naya-d 18.16 -1.44 8.45
16.01 14.03
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TABLE EV. AE*ab's between model pred ictions for 7R (SET IV)
"sample" "standard"
AE*ab
AL* Aa* Ab* AC*
F91S-e F91H-e 14.01 2.09 8.46 10.97 13.76
HNU-e F91H-e 18.22 -2.47 12.83 -12.70 3.93
HuntC-e F91H-e 7.40 -5.77 2.57 3.85 4.54
Huntl-e F91H-e 10.35 -6.16 7.71 -3.13 3.93
LAB-e F91H-e 11.18 -2.47 7.32 8.08 10.89
LUV-e F91H-e 28.32 -2.47 19.20 -20.67 7.94
Naya-e F91 H-e 13.27 -5.35 -3.72 -11.57 -10.27
vK-e F91H-e 9.12 -2.84 4.44 7.45 8.44
HNU-e F91 S-e 24.50 -4.56 4.37 -23.67 -9.83
HuntC-e F91S-e 12.13 -7.86 -5.89 -7.12 -9.22
Huntl-e F91S-e 16.35 -8.26 -0.75 -14.09 -9.83
LAB-e F91S-e 5.52 -4.56 -1.14 -2.88 -2.87
LUV-e F91 S-e 33.72 -4.56 10.74 -31.64 -5.81
Naya-e F91S-e 26.67 -7.44 -12.18 -22.53 -24.03
vK-e F91S-e 7.27 -4.93 -4.02 -3.52 -5.32
HuntC-e HNU-e 19.75 -3.30 -10.26 16.55 0.61
Huntl-e HNU-e 11.47 -3.69 -5.12 9.58 0.00
LAB-e HNU-e 21.50 0.00 -5.51 20.79 6.96
LUV-e HNU-e 10.20 0.00 6.37 -7.97 4.01
Naya-e HNU-e 16.84 -2.88 -16.55 1.14 -14.20
vK-e HNU-e 21.83 -0.37 -8.39 20.15 4.51
Huntl-e HuntC-e 8.67 -0.39 5.14 -6.98 -0.61
LAB-e HuntC-e 7.17 3.30 4.75 4.23 6.35
LUV-e HuntC-e 29.81 3.30 16.63 -24.52 3.40
Naya-e HuntC-e 16.65 0.42 -6.29 -15.42 -14.81
vK-e HuntC-e 5.00 2.93 1.87 3.60 3.90
LAB-e Huntl-e 11.81 3.69 -0.38 11.21 6.96
LUV-e Huntl-e 21.30 3.69 11.49 -17.55 4.01
Naya-e Huntl-e 14.23 0.82 -11.43 -8.44 -14.20
vK-e Huntl-e 11.55 3.33 -3.27 10.57 4.51
LUV-e LAB-e 31.11 0.00 11.88 -28.75 -2.95
Naya-e
vK-e
LAB-e 22.72 -2.88 -11.04 -19.65 -21.16
LAB-e 2.98 -0.37 -2.88 -0.64 -2.45
Naya-e
vK-e
LUV-e 24.83 -2.88 -22.92 9.11 -18.21
LUV-e 31.76 -0.37 -14.76 28.12 0.49
vK-e Naya-e 20.84 2.51
8.16 19.01 18.71
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AL* Aa* Ab* AC*
F91S-f F91H-f 15.97 2.54 11.32 10.98 12.33
HNU-f F91H-f 26.04 -2.89 15.16 -20.98 -16.05
HuntC-f F91H-f 11.05 -5.56 1.10 9.48 9.52
Huntl-f F91H-f 12.97 -6.03 10.59 4.45 5.80
LAB-f F91H-f 18.65 -2.89 12.93 13.13 14.79
LUV-f F91H-f 37.19 -2.89 18.60 -32.07 -21.63
Naya-f F91H-f 17.75 -11.45 4.86 -12.66 -12.13
vK-f F91H-f 13.22 -3.05 0.19 12.86 12.86
HNU-f F91 S-f 32.64 -5.44 3.84 -31.95 -28.38
HuntC-f F91 S-f 13.13 -8.10 -10.23 -1.49 -2.81
Huntl-f F91S-f 10.80 -8.58 -0.73 -6.53 -6.53
LAB-f F91S-f 6.07 -5.44 1.61 2.16 2.46
LUV-f F91S-f 43.99 -5.44 7.28 -43.05 -33.96
Naya-f F91S-f 28.22 -13.99 -6.46 -23.64 -24.45
vK-f F91S-f 12.60 -5.60 -11.13 1.88 0.53
HuntC-f HNU-f 33.65 -2.66 -14.06 30.46 25.57
Huntl-f HNU-f 26.02 -3.14 -4.57 25.42 21.85
LAB-f HNU-f 34.18 0.00 -2.23 34.11 30.84
LUV-f HNU-f 11.62 0.00 3.44 -11.09 -5.58
Naya-f HNU-f 15.76 -8.56 -10.30 8.31 3.93
vK-f HNU-f 37.00 -0.16 -14.97 33.84 28.91
Huntl-f HuntC-f 10.76 -0.47 9.49 -5.04 -3.72
LAB-f HuntC-f 12.67 2.66 11.83 3.65 5.27
LUV-f HuntC-f 45.17 2.66 17.51 -41.55 -31.15
Naya-f HuntC-f 23.22 -5.89 3.77 -22.15 -21 .64
vK-f HuntC-f 4.30 2.51 -0.91 3.38
3.34
LAB-f Huntl-f 9.53 3.14 2.34 8.69 8.99
LUV-f Huntl-f 37.52 3.14 8.01 -36.52
-27.43
Naya-f Huntl-f 18.84 -5.42 -5.73
-17.11 -17.92
vK-f Huntl-f 13.70 2.98 -10.40
8.41 7.06




LAB-f 28.35 -8.56 -8.07 -25.80 -26.92
LAB-f 12.74 -0.16 -12.74 -0.27 -1.93
Naya-f
vK-f
LUV-f 25.27 -8.56 -13.74 19.41 9.51
LUV-f 48.56 -0.16 -18.41 44.93 34.49
vK-f Naya-f 27.27 8.40
-4.67 25.52 24.99
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AL* Aa* Ab* AC*
F91 S-h F91H-h 12.54 1.23 2.66 12.19 2.97
HNU-h F91 H-h 4.12 -2.95 -2.44 -1.53 2.23
HuntC-h F91H-h 5.66 -5.63 -0.55 0.13 0.56
Huntl-h F91H-h 9.05 -6.20 -2.26 -6.18 2.13
LAB-h F91H-h 3.13 -2.95 0.97 0.45 -0.87
LUV-h F91H-h 7.34 -2.95 -6.47 -1.83 6.23
Naya-h F91H-h 7.79 -0.07 4.29 -6.50 -4.30
vK-h F91H-h 5.29 -2.80 -4.44 0.70 4.49
HNU-h F91S-h 15.22 -4.17 -5.10 -13.72 -0.75
HuntC-h F91S-h 14.23 -6.86 -3.21 -12.05 -2.41
Huntl-h F91S-h 20.42 -7.43 -4.92 -18.37 -0.84
LAB-h F91S-h 12.57 -4.17 -1.69 -11.74 -3.84
LUV-h F91 S-h 17.24 -4.17 -9.13 -14.01 3.26
Naya-h F91S-h 18.81 -1.30 1.63 -18.69 -7.27
vK-h F91S-h 14.09 -4.03 -7.09 -1 1 .49 1.52
HuntC-h HNU-h 3.68 -2.68 1.89 1.67 -1.67
Huntl-h HNU-h 5.68 -3.26 0.17 -4.65 -0.09
LAB-h HNU-h 3.94 0.00 3.40 1.98 -3.09
LUV-h HNU-h 4.05 0.00 -4.04 -0.30 4.00
Naya-h HNU-h 8.85 2.88 6.73 -4.97 -6.53
vK-h HNU-h 3.00 0.14 -2.00 2.23 2.26
Huntl-h HuntC-h 6.57 -0.58 -1.72 -6.32 1.57
LAB-h HuntC-h 3.10 2.68 1.51 0.32 -1.43
LUV-h HuntC-h 6.80 2.68 -5.93 -1.96 5.67
Naya-h HuntC-h 9.92 5.56 4.84 -6.64 -4.86
vK-h HuntC-h 4.84 2.83 -3.89 0.57 3.93
LAB-h Huntl-h 8.07 3.26 3.23 6.63
-3.00
LUV-h Huntl-h 6.88 3.26 -4.21 4.36
4.10
Naya-h Huntl-h 8.98 6.13 6.55 -0.32
-6.43
vK-h Huntl-h 7.98 3.40 -2.17
6.88 2.36




LAB-h 8.23 2.88 3.32 -6.95 -3.44
LAB-h 5.41 0.14 -5.40 0.25 5.36
Naya-h
vK-h
LUV-h 12.08 2.88 10.76 -4.68 -10.53
LUV-h 3.25 0.14 2.04 2.53 -1.74
vK-h Naya-h 11.64 -2.73
-8.73 7.20 8.79
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AL* Aa* Ab* AC*
F91S-i F91H-i 19.85 0.00 -10.42 16.89 -16.19
HNU-i F91 H-i 35.46 -6.02 -32.38 13.15 -1.11
HuntC-i F91H-i 8.87 -8.48 0.96 -2.39 2.48
Huntl-i F91H-i 16.58 -9.14 -13.29 3.85 -2.86
LAB-i F91 H-i 29.83 -6.02 -28.04 -8.20 13.69
LUV-i F91H-i 46.39 -6.02 -41.43 19.99 2.26
Naya-i F91 H-i 22.55 -1.80 -16.70 15.05 -12.18
vK-i F91H-i 9.76 -5.77 1.25 -7.77 7.86
HNU-i F91S-i 23.07 -6.02 -21.96 -3.74 15.09
HuntC-i F91 S-i 23.94 -8.48 11.38 -19.27 18.67
Huntl-i F91S-i 16.18 -9.14 -2.86 -13.04 13.34
LAB-i F91S-i 31.24 -6.02 -17.62 -25.09 29.88
LUV-i F91S-i 31.73 -6.02 -31.01 3.10 18.45
Naya-i F91 S-i 6.78 -1.80 -6.28 -1.84 4.01
vK-i F91S-i 27.89 -5.77 11.68 -24.66 24.06
HuntC-i HNU-i 36.87 -2.47 33.34 -15.53 3.58
Huntl-i HNU-i 21.47 -3.12 19.10 -9.30 -1.75
LAB-i HNU-i 21.79 0.00 4.34 -21.35 14.79
LUV-i HNU-i 11.34 0.00 -9.05 6.84 3.36
Naya-i HNU-i 16.35 4.21 15.68 1.90 -11.08
vK-i HNU-i 39.61 0.25 33.64 -20.92 8.97
Huntl-i HuntC-i 15.56 -0.65 -14.25 6.23 -5.33
LAB-i HuntC-i 29.68 2.47 -29.00 -5.82 11.21
LUV-i HuntC-i 47.99 2.47 -42.39 22.37 -0.22
Naya-i HuntC-i 25.70 6.68 -17.66 17.44 -14.66
vK-i HuntC-i 6.04 2.72 0.29 -5.39 5.39
LAB-i Huntl-i 19.31 3.12 -14.76 -12.05 16.54
LUV-i Huntl-i 32.59 3.12 -28.14 16.14 5.11
Naya-i Huntl-i 13.82 7.34 -3.42 11.20 -9.32
vK-i Huntl-i 18.91 3.37 14.54 -11.62
10.72




LAB-i 26.21 4.21 11.34 23.25 -25.87
LAB-i 29.30 0.25 29.29 0.43 -5.83
Naya-i
vK-i
LUV-i 25.57 4.21 24.73 -4.94 -14.44
LUV-i 50.92 0.25 42.68 -27.76 5.61
vK-i Naya-i 29.31 -3.97 17.95
-22.82 20.04
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18.03 1.01 -1.32 17.96 -14.71
12.81 -4.79 -9.38 7.30 -8.54
8.03 -7.70 1.02 -2.03 2.27
10.72 -8.19 -3.78 5.81 -6.70
10.99 -4.79 -9.12 -3.84 2.52
16.09 -4.79 -10.50 11.21 -12.09
14.78 -5.46 -6.41 12.15 -13.45
6.31 -4.75 1.72 -3.78 4.14
14.57 -5.80 -8.06 -10.66 6.17
21.93 -8.71 2.34 -19.99 16.98
15.43 -9.20 -2.46 -12.15 8.02
23.86 -5.80 -7.79 -21.80 17.23
12.78 -5.80 -9.18 -6.74 2.62
10.07 -6.47 -5.09 -5.81 1.26
22.69 -5.76 3.04 -21.73 18.86
14.27 -2.91 10.40 -9.33 10.80
6.71 -3.40 5.60 -1.49 1.84
11.14 0.00 0.26 -11.14 11.05
4.07 0.00 -1.12 3.92 -3.55
5.72 -0.67 2.96 4.85 -4.91
15.68 0.04 11.10 -11.07 12.68
9.21 -0.48 -4.80 7.84 -8.96
10.70 2.92 -10.14 -1.81 0.25
17.80 2.92 -11.52 13.25 -14.35
16.17 2.25 -7.44 14.18 -15.71
3.50 2.95 0.70 -1.74 1.88
11.54 3.40 -5.34 -9.65 9.21
9.27 3.40 -6.72 5.40 -5.39
7.39 2.73 -2.63 6.34 -6.75
11.57 3.44 5.50 -9.58 10.84
15.12 0.00 -1.39 15.05 -14.60
16.23 -0.67 2.70 15.99 -15.97
10.84 0.04 10.84 0.07 1.63
4.25 -0.67 4.09 0.94 -1.36
19.34 0.04 12.23 -14.99 16.23
17.90 0.71 8.14 -15.93 17.59
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APPENDIX F
Tristimulus Values ofModel Predictions and Corresponding AE*ab's
3N - DARK BLUISH GREY - SET III
match card CIE tristimulus values AE*ab
# place model X Y Z of prediction of match
1 L LB/vK 5.70 6.18 7.10 0.41 1.70
1 R H-c 4.99 5.36 5.79 0.27
2 L F-s 7.28 7.63 5.82 0.58 4.60
2 R H-i 4.39 4.88 8.12 1.11
3 L LB/vK 5.81 6.30 7.04 0.41 1.65
3 R F-h 6.72 7.23 8.06 0.48
4 L LV/HN 5.59 6.21 6.53 0.22 0.99
4 R H-c 5.12 5.49 6.04 0.35
5 L H-c 4.91 5.32 5.75 0.57 9.68
5 R N 8.68 9.21 13.77 0.24
6 L LV/HN 5.55 6.17 6.42 0.25 2.35
6 R H-i 4.36 4.89 7.99 1.12
7 L H-i 4.43 4.91 8.22 1.23 8.23
7 R N 8.60 9.18 13.88 0.43
8 L LV/HN 5.53 6.15 6.41 0.27 2.62
8 R F-h 6.97 7.52 8.11 0.72
9 L H-c 5.18 5.54 6.18 0.76 2.37
9 R H-i 4.49 4.96 8.37 1.38
10 L F-h 6.47 7.00 7.67 0.80 2.73
10 R H-i 4.54 5.13 8.17 1.38
11 L N 8.58 9.11 13.88 0.59 6.38
11 R F-h 6.79 7.38 8.01 0.87
12 L H-c 4.96 5.33 5.97 0.78 3.76
12 R F-h 6.98 7.58 8.20 0.94
13 L F-s 7.47 7.86 5.80 0.62 2.28
13 R F-h 6.46 7.01 7.66 0.96
14 L F-s 7.22 7.60 5.89 0.86 2.52
14 R LB/vK 5.51 6.03 6.86 0.65
15 L LV/HN 5.43 6.06 6.40 0.66 0.52
15 R LB/vK 5.51 6.04 6.91 0.80
16 L LB/vK 5.62 6.08 7.05 0.82 8.97
16 R N 9.07 9.63 14.53 0.81
17 L LV/HN 5.63 6.19 6.56 0.77 2.53
17 R F-s 7.46 7.88 6.12 0.89
18 L H-c 4.59 4.96 5.39 1.28 3.55
18 R F-s 7.07 7.47 5.82 1.18
19 L F-s 7.42 7.71 6.00 1.36 8.88
19 R N 9.07 9.69 14.50 0.85
20 L H-i 4.92 5.53 8.82 1.57 2.06
20 R LB/vK 5.86 6.43 7.22 0.85
21 L LV/HN 5.33 5.94 6.29 0.85 9.00
21 R N 8.72 9.18 13.97 0.94
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5.5N- BLUISH GREY - SET 1
match pair CIE tristimulus values AE*ab
# pstn model X Y Z of prediction of pair
1 L LV/HN 23.25 25.66 26.85 0.88 8.13
1 R F-h 27.79 29.82 32.16 0.45
2 L N/H-i 21.07 22.76 22.48 0.64 5.05
2 R LV/HN 22.89 25.18 26.52 0.98
3 L F-s 29.48 31.21 23.07 0.80 12.40
3 R H-c 20.82 22.43 24.39 0.17
4 L F-s 28.43 30.01 22.24 1.22 10.09
4 R F-h 27.52 29.57 32.28 0.88
5 L F-h 27.91 29.94 32.62 0.91 7.66
5 R LB/vK 23.53 25.58 28.10 0.43
6 L N/H-i 20.43 22.10 21.70 0.67 16.20
6 R F-h 28.39 30.41 33.10 1.16
7 L N/H-i 20.20 21.90 21.06 0.94 3.62
7 R H-c 20.83 22.46 24.58 0.45
8 L N/H-i 20.16 21.92 21.36 0.95 13.77
8 R F-s 29.78 31.47 23.79 1.32
9 L LB/vK 23.83 25.89 28.09 0.76 1.39
9 R LV/HN 23.32 25.57 26.84 1.01
10 L LB/vK 23.75 25.70 28.66 1.00 8.53
10 R N/H-i 20.34 21.99 21.78 0.99
11 L LV/HN 23.11 25.38 26.73 1.03 9.40
11 R F-s 29.72 31.36 23.76 1.34
12 L LV/HN 22.92 25.07 26.38 1.16 3.53
12 R H-c 21.02 22.52 24.85 0.90
13 L LB/vK 23.66 25.82 28.62 1.04 9.03
13 R F-s 28.80 30.56 22.91 1.50
14 L H-c 20.73 22.28 24.92 1.29 5.61
14 R LB/vK 23.59 25.51 28.50 1.05
15 L H-c 20.86 22.55 24.65 0.59 12.97
15 R F-h 27.89 29.84 32.75 1.27
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7N - LIGHT BLUISH GREY - SET VII
match pair CIE tristimulus values AE*ab
# pstn model X Y Z of prediction of pair
1 L H-i 36.36 38.52 33.45 0.55 8.65
1 R N 31.39 33.51 28.44 0.82
2 L LB/vK 39.84 42.84 47.05 0.18 6.73
2 R H-c 36.36 38.77 42.97 0.78
3 L F-s 51.39 53.41 38.34 1.17 29.91
3 R N 31.26 33.62 28.45 1.04
4 L F-h 48.20 51.13 54.55 0.56 16.64
4.R F-s 51.37 53.02 38.32 1.24
5 L LV/HN 39.05 42.52 43.57 0.70 3.58
5 R H-c 37.09 39.55 43.92 0.85
6 L LB/vK 39.58 42.61 46.88 0.40 17.31
6 R F-s 50.61 52.25 37.65 1.37
7 L F-h 48.29 51.24 54.87 0.57 36.83
7 R N 30.75 33.08 28.06 1.22
8 L F-s 50.86 52.34 38.15 1.44 16.63
8 R LV/HN 38.89 42.34 43.91 0.76
9 L LB/vK 39.62 42.81 46.97 0.74 21.46
9 R N 31.73 34.10 29.01 1.23
10 L F-s 51.90 53.89 38.56 1.44 20.68
10 R H-c 37.60 40.07 44.23 0.91
11 L F-h 47.20 49.94 53.44 0.60 16.72
11 R H-c 37.44 39.97 44.23 1.04
12 L H-i 36.09 38.31 32.76 0.73 12.71
12 R LV/HN 39.20 42.73 44.26 0.77
13 L LV/HN 38.94 42.37 44.08 0.78 2.72
13 R LB/vK 39.29 42.23 46.77 0.74
14 L LB/vK 40.06 43.29 48.06 1.00 11.90
14 R F-h 47.49 50.24 54.24 0.66
15 L H-i 36.66 38.70 33.85 0.74 13.21
15 R LB/vK 39.05 41.86 46.45 1.03
16 L F-s 50.88 52.48 37.79 1.45 20.39
16 R H-i 36.46 38.73 33.44 0.76
17 L H-i 35.57 37.42 32.53 1.04 29.19
17 R F-h 48.15 50.97 55.12 0.78
18 L N 31.16 33.41 28.68 1.41 19.30
18 R LV/HN 39.16 42.69 43.59 0.84
19 L H-i 36.01 37.81 33.00 1.07 9.98
19 R H-c 36.06 38.34 42.97 1.08
20 L F-h 47.06 49.72 53.35 0.80 15.28
20 R LV/HN 38.64 42.11 43.12 0.94
21 L H-c 36.84 39.41 43.63 1.10 17.49
21 R N 30.98 33.06 28.42 1.48
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5R
- MODERATE PURPLISH RED - SET IV
match pair CIE tristimulus values AE*ab





















21 L I s 26.45 19.41 8.26 0.61 9.94
21 R




















































LUV 24.88 16.39 14.04 0.37
F-h 23.75 18.47 11.04 0.43
F-s 26.91 19.78 8.44 0.34
H-c 18.61 13.96 7.37 0.67
LUV 24.89 16.34 13.81 0.54
LAB 22.49 16.34 8.08 1.04
LAB 22.11 16.15 8.13 1.08
H-c 18.43 13.74 7.21 0.75
LUV 24.80 16.32 14.10 0.68
vK 22.21 16.22 8.00 0.43
H-c 18.46 13.76 7.20 0.78
F-h 23.57 18.21 10.67 0.51
F-s 27.12 20.08 8.49 0.50
vK 22.25 16.27 8.25 0.45
LUV 24.65 16.30 14.04 0.70
F-s 26.80 19.71 8.22 0.55
F-h 23.84 18.51 10.72 0.63
F-s 26.57 19.49 8.22 0.56
LUV 24.86 16.34 14.21 0.88
H-c 18.56 13.84 7.18 0.85
H-i 18.91 13.66 9.79 0.59
HNU 23.52 16.34 12.21 0.96
F-h 23.02 17.73 10.39 0.97
H-i 18.83 13.55 9.79 0.70
HNU 23.50 16.37 12.04 0.41
N 21.40 17.16 14.08 0.66
F-h 23.30 17.87 10.48 1.19
HNU 23.41 16.35 11.99 0.42
vK 21.86 16.00 8.04 0.52
N 21.62 17.23 14.56 0.71
vK 22.11 16.10 8.13 0.63
H-i 19.03 13.65 9.96 0.87
N 21.73 17.33 14.78 0.93
H-i 18.49 13.40 9.66 0.88
H-c 18.36 13.76 7.45 1.07
HNU 23.00 15.96 11.79 0.99
vK 21.83 15.98 7.80 0.70
HNU 23.09 15.95 11.65 1.05
vK 21.77 15.99 7.97 0.70
LAB 21.77 15.86 7.91 1.23
F-
H-i 18.58 13.51 9.70 0.94
LAB 22.41 16.35 8.34 1.31
F-h 22.53 17.41 10.15 1.22
N 21.51 17.35 14.65 0.93
H-c 18.89 14.05 7.21 1.13
H-i 18.67 13.45 9.98 0.98
LUV 24.93 16.30 13.97 0.93
H-i 18.66 13.40 9.91 1.09
H-c 18.14 13.52 7.16 1.07
N 20.83 16.64 13.78 1.03
vK 21.72 15.95 7.95 0.72










































28 L LAB 21.77 15.86 7.96 1.34 5.85
28 R F-s 26.44 19.38 8.17 0.66
29 L HNU 23.58 16.29 12.18 1.31 2.18
29 R LUV 24.61 16.16 14.10 1.09
30 L LAB 22.31 16.25 8.28 1.39 5.96
30 R N 21.82 17.35 14.12 1.04
31 L F-h 23.93 18.57 11.42 1.34 4.56
31 R LAB 21.96 16.05 8.17 1.44
32 L F-h 22.59 17.37 10.17 1.36 2.62
32 R vK 21.90 15.95 8.08 0.75
33 L N 21.63 17.35 14.86 1.05 8.48
33 R F-s 26.47 19.39 8.20 0.67
34 L LAB 22.26 16.29 8.36 1.46 5.25
34 R H-i 18.20 13.13 9.41 1.22
35 L LUV 24.43 16.03 13.95 1.10 3.34
35 R N 21.20 16.84 14.24 1.06
36 L F-s 27.07 20.10 8.66 0.73 6.37
36 R HNU 23.49 16.32 12.33 132
7R - MODERATE RED - SET II
match pair CIE tristimulus values AE*ab





















HNU 37.95 27.91 18.40 0.22
N 30.09 25.23 16.09 0.73
LUV 38.39 26.86 21.66 1.07
vK 35.50 28.04 10.16 0.77
LUV 38.63 27.09 21.52 1.09
H-c 30.74 24.05 9.48 1.28
F-h 37.51 30.88 14.80 0.54
N 29.98 25.27 16.03 0.85
LUV 38.44 26.92 21.76 1.09
H-i 31.08 23.37 11.12 0.77
N 29.85 25.13 16.04 0.86
LUV 38.45 26.84 21.92 1.16
F-s 38.33 30.56 11.86 6.35
LUV 38.25 26.80 21.35 1.25
F-h 37.93 31.32 14.87 0.65
vK 35.54 28.01 10.07 0.94
LAB 35.97 27.65 9.85 0.27
HNU 37.99 27.89 18.57 0.61
LAB 35.80 27.54 9.77 0.37
H-c 30.57 23.88 9.10 1.49
F-h 37.81 31.10 14.89 0.71
H-i 31.20 23.43 11.13 0.87
HNU 37.87 27.70 18.21 0.74
LUV 38.28 26.79 21.24 1.25
H-i 31.52 23.60 11.41 0.97
vK 35.86 28.31 10.25 1.06
F-h 37.37 30.76 14.87 0.76
H-c 30.51 23.87 9.01 1.50
F-h 37.68 30.93 14.77 0.80
LAB 36.49 28.13 10.23 0.40
H-c 30.57 23.90 9.55 1.52
F-s 38.63 30.96 12.01 6.48
F-s 38.45 30.74 11.96 6.50
LAB 36.61 28.27 10.26 0.48
HNU 37.88 27.71 18.14 0.75
F-s 37.80 30.18 11.59 6.57
19 L HNU 37.95 27.94 17.98 0.86 4.23
19 R F-h 37.64 30.89 14.96 1.03
20 L H-i 31.85 23.86 11.43 1.09 6.32
20 R LAB 36.34 28.13 10.19 0.57
21 L HNU 37.92 27.91 17.88 1.00 12.57
21 R H-c 30.01 23.42 9.21 1.61
22 L H-i 31.23 23.38 11.48 1.11 2.40
22 R H-c 30.46 23.73 9.23 1.62
23 L F-s 37.91 30.20 11.85 6.80 11.35
23 R N 28.96 24.32 15.61 1.15
24 L F-h 37.58 31.02 15.16 1.05 7.72
24 R LUV 38.03 26.58 21.46 1.31
25 L N 29.69 25.16 15.71 1.27 6.47
25 R H-c 30.68 23.91 9.44 1.70
26 L HNU 37.48 27.36 18.26 1.13 8.62
26 R vK 35.28 27.93 9.94 1.18
27 L F-h 37.62 30.91 14.92 0.86 2.93
27 R F-s 38.56 30.91 12.15 6.81
28 L N 29.23 24.62 15.88 1.31 9.51
28 R LAB 36.09 27.66 10.04 0.62
29 L H-c 30.72 23.91 9.48 1.84 5.94
29 R vK 35.06 27.94 9.98 1.58
30 L LAB 36.63 28.16 10.32 0.66 1.70
30 R vK 35.04 27.84 9.82 1.58
31 L LAB 35.80 27.47 9.64 0.71 12.21
31 R LUV 38.08 26.60 21.60 1.33
32 L N 29.49 25.00 15.87 1.41 5.27
32 R H-i 31.10 23.24 11.17 1.17
33 L HNU 37.79 27.56 18.32 1.15 9.85
33 R H-i 31.89 23.95 11.31 1.18
34 L vK 36.00 28.49 10.15 1.58 9.54
34 R N 29.49 24.88 16.11 1.42
35 L H-i 31.93 23.96 11.17 1.60 9.40
35 R F-s 38.34 30.78 11.99 6.86
36 L vK 35.79 28.43 10.09 1.72 3.27
36 R F-s 37.87 30.26 11.82 6.91
4Y - STRONG YELLOW - SET IX
match pair CIE tristimulus values AE*ab
# pstn model X Y Z of prediction of pair
1 L vK 46.79 48.80 11.99 0.97 16.72
1 R N 36.23 36.62 16.43 0.19
2 L H-i 45.48 43.89 13.04 0.54 5.62
2 R vK 47.26 49.13 12.08 1.37
3 L H-i 45.54 43.87 13.01 0.77 14.38
3 R HNU 48.83 46.19 26.81 2.27
4 L F-s 46.70 47.30 12.27 9.18 14.97
4 R HNU 48.60 45.76 27.04 2.29
5 L H-c 44.01 45.90 12.05 0.61 3.88
5 R vK 46.78 48.62 12.19 1.66
6 L F-h 51.14 53.59 19.79 0.67 10.82
6 R HNU 48.61 45.91 26.98 2.30
7 L H-c 43.71 45.71 11.77 0.79 2.69
7 R LAB 45.49 44.13 10.52 4.30
8 L vK 47.40 49.24 12.42 1.70 6.16
8 R LAB 45.21 43.85 10.39 4.43
9 L LAB 44.73 43.07 10.09 4.44 15.56
9 R F-h 51.19 53.63 19.52 0.70
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10 L LAB 45.48 44.14 10.65 4.45 13.47
10 R N 36.05 36.43 16.40 0.22
11 L F-h 51.02 53.43 19.89 0.93 12.57
11 R H-i 45.83 44.12 13.23 0.85
12 L F-h 51.96 55.01 20.43 1.03 12.06
12 R F-s 46.88 47.62 12.36 9.30
13 L LUV 50.72 46.73 35.49 1.93 9.03
13 R HNU 48.87 46.24 26.67 2.32
14 L vK 47.08 48.82 11.93 1.70 11.29
14 R F-h 51.62 54.45 20.60 1.06
15 L F-h 51.96 55.04 20.38 1.10 15.23
15 R H-c 43.80 45.59 11.65 0.85
16 L N 36.14 36.46 16.49 0.27 12.67
16 R H-i 45.66 43.98 12.85 0.99
17 L LAB 44.57 42.98 9.93 4.48 17.43
17 R HNU 48.54 45.81 26.66 2.32
18 L H-c 44.44 46.33 12.00 1.05 23.90
18 R LUV 50.55 46.53 35.10 1.92
19 L H-c 43.61 45.46 11.48 1.10 12.96
19 R N 35.99 36.21 16.42 0.63
20 L HNU 48.71 46.06 26.64 2.34 18.90
20 R N 36.23 36.39 16.25 0.65
21 L N 36.15 36.31 16.21 0.65 23.57
21 R F-h 51.39 53.82 20.27 1.17
22 L F-h 51.91 55.05 20.21 1.30 17.61
22 R LUV 50.95 47.00 35.84 1.95
23 L LUV 50.46 46.42 35.04 1.96 25.44
23 R N 36.33 36.46 16.38 0.71
24 L F-s 47.12 47.99 12.31 9.37 22.93
24 R LUV 50.35 46.27 34.95 2.01
25 L F-s 46.60 47.31 12.20 9.39 2.10
25 R H-c 44.64 46.57 12.12 1.15
26 L vK 47.13 48.86 11.96 1.74 23.88
26 R LUV 50.70 46.80 35.48 2.02
27 L N 35.95 36.22 16.55 0.78 16.38
27 R F-s 46.92 47.71 12.56 9.39
28 L LUV 50.49 46.49 35.27 2.03 23.11
28 R H-i 45.77 44.04 12.78 1.27
29 L F-s 46.89 47.71 12.30 9.40 5.04
29 R LAB 44.93 43.54 10.27 4.54
30 L HNU 48.94 46.31 26.50 2.40 14.83
30 R H-c 44.91 46.64 12.23 1.25
31 L H-c 43.37 44.93 11.22 1.44 2.94
31 R H-i 45.74 44.05 12.72 1.33
32 L HNU 48.37 45.59 26.55 2.40 15.32
32 R vK 47.55 49.54 11.77 1.76
33 L F-s 46.04 46.55 12.01 9.41 2.50
33 R vK 47.10 48.80 11.80 1.86
34 L LAB 45.08 43.78 10.35 4.55 2.87
34 R H-i 45.99 44.11 13.05 1.34
35 L LUV 50.81 46.79 35.83 2.03 26.42
35 R LAB 44.99 43.71 10.24 4.56
36 L H-i 45.87 44.23 12.73 1.39 3.37
36 R F-s 46.70 47.48 12.36 9.44
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match pair CIE tristimulus values AE*ab














13 L H-i 41.19 42.18 18.09 1.09 20.91
1 3 R









































F-s 50.74 52.45 19.89 2.70
LUV 47.24 46.88 37.78 0.53
N 33.49 35.09 19.96 0.63
LAB 46.90 47.56 20.86 0.58
HNU 46.70 46.88 32.42 0.86
F-h 47.51 51.64 27.37 1.07
F-s 50.35 51.90 19.51 2.81
HNU 47.36 47.67 32.85 0.99
HNU 46.82 46.93 32.46 1.04
H-c 39.30 42.85 19.07 0.95
HNU 46.83 46.89 32.65 1.08
LUV 47.48 47.10 37.91 0.66
H-c 39.60 43.09 19.22 1.21
LUV 47.44 47.04 37.80 0.73
LUV 47.49 47.26 37.75 0.81
vK 42.51 46.64 20.25 0.64
vK 42.79 46.95 20.29 0.73
N 33.22 34.72 19.77 0.94
F-s 50.23 51.55 19.59 2.83
F-h 48.05 52.31 27.30 1.21
F-s 50.22 51.68 19.63 2.85
vK 41.94 45.98 19.70 1.00
HNU 46.77 47.05 32.14 1.16
LAB 46.74 47.27 20.65 0.74
LUV 47.03 46.54 37.69 0.82
H-c 38.59 42.06 18.78 1.24
N 33.23 34.70 19.74 0.96
LUV 47.50 47.27 37.71 0.87
F-s 50.25 51.84 19.40 2.91
H-i 40.40 41.45 18.02 1.12
LAB 46.88 47.42 20.66 0.74
vK 42.64 46.70 20.05 1.02
HNU 45.50 45.62 31.42 1.24
N 33.21 34.59 19.50 1.08
F-s 50.00 51.37 19.33 2.95
N 33.31 34.80 19.98 1.18
F-s 50.32 51.86 20.02 2.95
LAB 46.67 47.26 20.85 0.75
vK 42.54 46.76 19.89 1.05
F-h 47.42 51.65 26.77 1.34
H-i 41.43 42.48 18.06 1.13
vK 41.89 45.87 19.62 1.15
F-h 47.53 51.72 26.86 1.35
LUV 47.45 47.12 37.62 0.87
vK 41.67 45.68 19.41 1.25
H-c 39.28 42.72 18.77 1.29
H-i 41.42 42.38 18.25 1.19
HNU 46.72 46.72 32.42 1.26
F-s 50.28 51.82 19.10 2.98
H-c 39.24 42.70 18.62
1.32
N 33.69 35.09 20.14 1.18
F-h 48.36 52.69 27.41
1.35
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28 L LAB 47.01 47.61 20.61 0.79
28 R H-c 38.64 42.14 18.99 1.36
29 L LAB 47.15 47.78 21.14 0.86
29 R H-i 40.54 41.49 17.97 1.28
30 L H-i 41.63 42.58 18.20 1.33
30 R N 33.22 34.68 19.91 1.26
31 L H-c 39.53 42.96 19.14 1.37
31 R H-i 40.46 41.36 17.90 1.43
32 L F-h 47.57 51.66 27.02 1.35
32 R H-i 40.64 41.52 18.01 1.49
33 L LAB 47.30 47.92 20.83 0.87
33 R LUV 46.71 46.21 37.52 0.91
34 L LAB 47.34 48.05 20.85 0.89
34 R F-h 48.73 53.09 27.63 1.46
35 L H-c 39.11 42.58 18.45 1.38
35 R N 34.67 36.03 19.95 1.34
36 L vK 42.73 46.98 19.90 1.27














































2.5G - DARK YELLOWISH GREEN - SET X
match pair CIE tristimulus values AE*ab



















H-c 7.98 11.20 9.71 0.73
F-h 11.20 15.07 13.39 0.29
H-i 7.62 10.90 11.77 0.40
vK 9.47 13.66 11.95 0.71
vK 8.85 12.95 11.36 0.99
F-h 11.19 15.20 13.72 0.76
H-c 7.87 11.07 9.65 0.82
HNU 9.56 13.50 12.50 0.71
vK 8.72 12.78 11.16 1.11
LAB 9.73 13.17 11.60 0.39
F-s 12.22 15.95 9.85 0.40
H-i 7.72 11.00 11.91 0.43
LUV 8.81 13.09 12.38 0.28
F-h 11.09 15.09 13.42 0.77
HNU 9.15 13.00 12.22 0.74
LUV 8.74 13.04 12.19 0.40
F-s 11.87 15.51 9.67 0.95
H-c 7.73 10.82 9.48 0.99
HNU 9.70 13.57 12.72 0.75
N 12.01 15.29 16.27 0.49
LUV 8.90 13.26 12.35 0.48
vK 9.37 13.65 11.83 1.19
LAB 9.72 13.22 11.50 0.76
F-h 11.33 15.39 13.76 0.79
H-c 7.90 11.05 9.46 1.00
LUV 8.82 13.09 12.53 0.67
F-s 12.35 16.13 9.66 1.07
LAB 9.69 13.18 11.54 0.77
LUV 8.67 12.91 12.34 0.71
F-s 11.83 15.44 9.67 1.11
F-h 11.24 15.30 13.74 0.87
H-i 7.61 10.88 11.80 0.49
LAB 9.80 13.28 11.25 1.24
H-i 7.73 10.92 11.69 0.93
N 11.99 15.22 16.22 0.70























































3PB - STRONG BLUE - SET VIM
match pair CIE tristimulus values AE*ab
# pstn model X Y Z of prediction of pair
1 L H-c 9.30 9.24 29.12 0.48 7.61
1 R HNU 6.73 10.50 22.07 0.22
2 L HNU 6.66 10.44 21.81 0.27 14.63
2 R vK 10.73 10.69 35.86 0.28
3 L HNU 6.90 10.77 22.28 0.68 4.10
3 R LUV 5.80 10.33 18.36 0.45
4 L N 10.70 13.30 25.34 0.51 5.72
4 R H-c 9.37 9.38 29.29 0.75
5 L vK 10.67 10.65 35.70 0.32 11.77
5 R H-i 7.44 8.92 24.52 0.66
6 L vK 10.47 10.47 35.23 0.54 4.09
6 R LAB 9.52 12.74 38.50 7.12
7 L LAB 9.52 12.74 38.55 7.15 17.19
7 R HNU 6.67 10.45 21.75 0.31
8 L LUV 6.03 10.66 18.96 0.77 11.17
8 R H-c 9.40 9.36 29.53 0.80
9 L H-c 9.60 9.51 29.64 0.95 5.70
9 R H-i 7.45 8.91 24.40 0.71
N 12.23 15.55 16.52 0.73
LAB 9.32 12.80 11.23 1.36
H-i 7.35 10.44 11.33 1.46
N 12.39 15.78 16.94 0.90
HNU 9.49 13.44 12.59 0.79
vK 8.97 13.10 11.70 1.21
N 12.28 15.62 16.48 0.91
H-c 7.76 10.97 9.44 1.25
H-c 7.88 11.13 9.58 1.23
H-i 7.62 10.74 11.80 1.56
N 12.17 15.40 16.57 0.96
vK 8.80 12.88 11.47 1.29
N 12.41 15.75 16.79 0.97
LUV 8.68 12.94 12.38 0.75
LUV 8.68 13.00 12.41 0.86
H-i 7.29 10.39 11.45 1.58
HNU 9.65 13.47 12.72 0.88
LAB 9.85 13.40 11.34 1.50
LUV 8.60 12.84 12.37 1.01
F-h 10.90 14.87 13.25 0.94
HNU 9.14 13.03 12.14 0.92
F-h 11.30 15.19 13.91 0.95
N 11.94 15.15 15.87 1.09
H-i 7.53 10.63 11.68 1.65
HNU 9.14 12.97 12.42 1.12
H-c 7.61 10.65 9.31 1.28
vK 9.30 13.59 12.01 1.38
F-s 12.53 16.45 9.99 1.29
vK 9.16 13.38 12.03 1.49
F-s 11.72 15.50 9.41 1.54
F-h 11.36 15.45 13.60 1.11
F-s 11.60 15.34 9.42 1.54
HNU 9.51 13.46 12.85 1.17
LAB 9.23 12.69 10.97 1.51
H-c 7.63 10.70 9.19 1.36
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10 L F-h 13.84 14.05 36.91 0.32 20.00
10 R LUV 6.10 10.83 18.75 0.83
11 L F-s 12.32 14.14 25.70 0.46 6.95
11 R H-i 7.61 9.13 24.66 0.90
12 L N 10.77 13.33 25.50 0.53 2.14
12 R F-s 12.54 14.38 26.10 0.52
13 L N 10.72 13.31 25.48 0.57 10.18
13 R vK 10.52 10.53 35.27 0.61
14 L H-c 9.33 9.38 29.01 1.06 10.13
14 R F-h 13.68 13.80 37.02 1.20
15 L N 10.64 13.18 25.44 0.59 5.32
15 R H-i 7.54 8.98 24.43 1.05
16 L LAB 9.54 12.76 38.57 7.16 13.12
16 R N 10.63 13.21 25.50 0.68
17 L F-s 12.84 14.77 26.57 0.92 11.39
17 R LUV 5.98 10.69 18.45 0.87
18 L H-c 9.65 9.54 29.75 1.13 6.81
18 R F-s 12.71 14.64 26.43 0.93
19 L H-i 7.42 8.83 24.07 1.06 15.77
19 R LAB 9.73 12.99 39.11 7.36
20 L H-i 7.42 8.81 24.28 1.21 5.93
20 R LUV 5.96 10.51 18.79 0.98
21 L F-s 11.78 13.57 24.80 1.10 11.41
21 R vK 10.97 10.97 35.88 1.10
22 L F-h 13.65 13.79 37.12 1.29 16.78
22 R HNU 6.81 10.55 22.14 0.53
23 L H-c 9.67 9.67 29.73 1.18 9.90
23 R LAB 9.74 13.02 39.05 7.37
24 L LUV 6.10 10.83 18.59 1.01 20.93
24 R LAB 9.64 12.82 39.12 7.39
25 L LAB 9.74 12.98 39.12 7.41 13.06
25 R F-s 12.67 14.63 26.50 1.11
26 L F-h 13.66 13.78 37.12 1.33 4.18
26 R vK 10.90 10.93 35.79 1.15
27 L F-h 13.83 14.08 37.89 1.36 15.43
27 R H-i 7.64 9.07 24.67 1.26
28 L F-h 13.60 13.70 36.88 1.39 4.57
28 R LAB 9.62 12.77 38.93 7.45
29 L F-s 12.12 13.89 25.70 1.12 10.41
29 R F-h 13.13 13.40 36.05 1.50
30 L H-i 7.60 9.01 24.65 1.37 3.12
30 R HNU 6.89 10.74 22.15 0.71
31 L N 10.61 13.21 25.70 1.03 8.69
31 R LUV 6.12 10.89 18.63 1.18
32 L vK 11.00 11.06 36.12 1.39 6.54
32 R H-c 9.74 9.65 29.86 1.19
33 L LUV 6.17 10.83 19.07 1.04 17.51
33 R vK 10.97 11.05 35.91 1.62
34 L N 10.32 12.78 25.25 1.31 4.98
34 R HNU 6.96 10.79 22.16 0.86
35 L F-h 13.09 13.32 35.98 1.56 10.74
35 R N 10.48 12.95 25.57 1.37
36 L F-s 12.68 14.56 26.70 1.14 8.62
36 R HNU 6.71 10.56 21.94 0.74
137
9PB - LIGHT PURPLISH BLUE - SET V
match pair CIE tristimulus values AE*ab


















































































LUV 19.89 21.76 26.70 0.56
F-s 27.29 27.54 28.58 0.82
HNU 20.80 22.40 29.45 0.70
vK 22.64 21.95 36.97 0.06
H-i 18.83 19.12 26.81 0.71
F-h 27.13 26.95 40.64 0.39
H-i 18.92 19.20 26.74 0.75
F-s 27.76 27.93 29.36 1.06
vK 22.53 21.85 36.94 0.20
F-s 27.36 27.53 28.74 0.81
HNU 20.91 22.61 29.75 0.77
F-s 27.13 27.20 28.56 1.07
LAB 20.48 22.06 37.36 0.33
N 20.15 21.23 25.44 0.52
N 20.15 21.20 25.49 0.57
F-s 27.09 27.43 28.31 1.11
LAB 20.57 22.23 37.61 0.50
H-i 18.68 18.92 26.27 0.84
vK 22.55 21.94 37.02 0.37
H-i 18.90 19.15 26.74 0.86
N 19.91 20.88 25.49 1.20
LUV 20.47 22.26 27.62 1.28
H-c 19.53 18.95 31.36 0.47
LAB 20.51 22.02 36.87 0.55
vK 22.79 22.16 36.99 0.49
N 19.98 21.01 25.68 1.24
F-h 27.26 27.07 40.59 0.57
H-c 20.25 19.68 32.44 0.50
HNU 21.19 22.82 29.96 1.07
LAB 20.50 22.18 37.58 0.56
LUV 19.80 21.77 26.60 0.63
HNU 21.20 22.90 30.39 1.09
LUV 19.74 21.75 26.59 0.84
F-h 26.81 26.68 40.62 0.61
LUV 19.82 21.64 26.76 0.90
vK 22.18 21.50 36.41 0.49
HNU 21.21 22.96 30.51 1.17
H-c 19.36 18.87 31.40 0.55
HNU 21.11 22.65 30.20 1.18
F-h 26.78 26.43 40.53 0.73
LAB 20.30 21.86 37.47
0.80
LUV 19.88 21.78 26.95
0.92
H-c 19.58 19.01 31.19 0.63
H-i 18.75 18.98 26.21 0.92
H-c 20.07 19.50 32.72 0.74
F-s 27.31 27.68 28.60 1.13
N 19.91 20.90 25.58 1.32
H-i 18.89 19.19 26.24 0.94
vK 22.55 21.93 37.23
0.50
LAB 20.71 22.20 37.55
0.71
LUV 19.71 21.59 26.74
0.97
H-i 18.80 19.03 26.65 0.95
N 20.35 21.32 26.14
1.37
F-h 26.29 26.13 39.93
0.78
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28 L F-h 27.14 27.06 40.69 0.80 12.31
28 R F-s 26.86 27.08 28.38 1.22
29 L N 20.08 21.10 26.00 1.57 5.80
29 R H-c 20.03 19.45 31.56 0.92
30 L HNU 21.31 23.06 30.58 1.25 6.50
30 R H-i 18.74 18.96 26.24 0.95
31 L F-h 26.18 26.04 39.55 0.80 6.06
31 R vK 22.48 21.87 37.17 0.57
32 L LAB 20.95 22.55 37.99 0.73 12.03
32 R F-s 27.54 27.61 29.29 1.41
33 L vK 22.43 21.66 36.74 0.54 6.67
33 R H-c 19.54 18.85 31.43 0.93
34 L H-c 19.58 18.97 32.05 0.94 6.26
34 R LUV 19.75 21.86 26.50 1.20
35 L F-h 27.39 27.17 40.45 0.82 8.52
35 R LAB 20.90 22.52 37.48 0.77
36 L HNU 21.36 23.17 30.33 1.42 5.42




TABLE G. Information on Observers
order name gender age
1 Fairchild M 29
2 Ren iff F 28
3 Govil F 46
4 Reynolds F 39
5 Shin F 29
6 Berns M 39
7 Shyu M 32
8 Tregay F 20
9 Pobborovsky M 60
10 Klueber M 25
11 Lester F 35
12 Maltz M 52
13 Chen M 32
14 Daniels F 27
15 Thomas F 44
16 Rahill M 40
17 Rose M 24
18 Lueng M 26
19 Braun F 24
20 Pirrotta F 25
21 Miller M 51
22 Rolleston M 34
23 Chan F 43
24 Chung M 44
25 Jawny F 21




Interval Scale Value Calculations
SETK5.5N)
















N/HI N/HI N/HI LB/
VK



















left 21 22 I 2 7 19 9 26 11 8 25 8 24 21 22
right 5 4 25 - 24 19 7 17 0 15 18 1 18 2 5 4
SAMPLE PAIR
Subje 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15
ct
1 L L R R L L L L R R L L L L R
2 R L R R R R R L L R L R L
3 L R R R L R R L R L I L L
4 R L R R R R R L L L L R L
5 L L R R L R L L L R 1 L L
6 L L R R L R L L R 1 L L
7 L L R R L L L R L I L L
8 R L R R R R L L L I R L
9 L L L L R R L R L I L L
10 L L R R R L L R R t R L
11 L R R R R R L R R R R
12 L L R R R L L R R L L
13 L L R R R L L R R ! R R
14 L R R R R R L R L R L
15 L L R L R R L L L R L
16 R L R R R R L R R R L
17 L L R R R L L L R L L
18 L L R R R R L L R
R L
19 L L R R R R L R
R R L
20 L L R R R R L R R
R L
21 L L R R L R L L L
R L
22 L R R R R R L
R R R L
23 L L R R R R L
L R R L
24 L L R R R L L
R R R L
25 R L R R L L
L L R R L
26 L L R R R R
L R R R L R L
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SETI Frequency Matrix
FH FS HC LB/VK LV/HN N/HI
FH 0 2 22 19 21 19
FS 24 0 25 24 25 26
HC 4 1 0 5 8 9
LB/VK 7 2 21 0 15 18
LV/HN 5 1 18 11 0 22
N/HI 7 0 17 8 4 0
SUM 47 6 103 67 73 94 390
SETI Proport ion Matrix
FH FS HC LB/VK LV/HN N/HI
FH 0.50 0.08 0.85 0.73 0.81 0.73
FS 0.92 0.50 0.96 0.92 0.96 1.00
HC 0.15 0.04 0.50 0.19 0.31 0.35
LB/VK 0.27 0.08 0.81 0.50 0.58 0.69
LV/HN 0.19 0.04 0.69 0.42 0.50 0.85
N/HI 0.27 0.00 0.65 0.31 0.15 0.50
SUM 2.31 0.73 4.46 3.08 3.31 4.12
SET I Z-score Matrix
FH HC LB/VK LV/HN N/HI
FH 0.00 -1.41 1.04 0.61 0.88
HC 1.41 0.00 1.75 1.41 1.75
LB/VK -1.04 -1.75 0.00 -0.88 -0.50
LV/HN -0.61 -1.41 0.88 0.00 0.20
N/HI -0.88 -1.75 0.50 -0.20 0.00




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
left HNU LUV LUV FH LUV N FS FH LAB LAB FH HNU HI FH FH HC FS HNU
right N VK HC N HI LUV LUV VK HNU HC
selection coun
HI LUV VK HC LAB FS LAB FS
left 14 12 8 1 5 19 15 8 5 3 0 23 26 4 5 24 4 21
right 12 14 18 25 21 7 11 18 21 23 26 3 0 22 21 2 22 5
SAMPLE PAIR



























R R R R
R R R R
R R R L
R R L R
R R R R
L L R R
L L R L
R R R R
L L R R
R R R R
R R R R
L L R L
R R R R
L R R R
L L R R
L L R L
R R R R
L L R R
L R R R
R R R R
L R R R
L R R R
R R R R
L L R L
R R R R
R R R R
L R L R R
L R L R R
R L R R R
L R L R R
L R R R R
R L R R R
R L R R R
L R R R R
L R R R R
L R R R R
L L R R R
R L R R R
R R R R R
R R L R R
L R R R R
R L R R R
L L R R R
R R R R R
R R R R R
L R R R R
L R R L R
R R R R R
L R L L R
R L R R R
L R R L R
L R R R R
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SET II (7R) cont.
presentation order
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
left HNU HI HNU HI FS FH N HNU FH N HC LAB LAB N HNU VK HI VK
right FH LAB HC HC N LUV HC VK FS LAB VK VK LUV HI HI N FS FS
selection count
left 23 25 16 24 5 15 11 19 11 20 23 24 15 0 10 5 25 12
right 3 1 10 2 21 11 15 7 15 6 3 2 11 26 16 21 1 14
SAMPLE PAIR
Subject 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 L L L I R L R L R L R L L R R R L R
2 R L R L L L R R R R L L L R R L L L
3 L I L L R R L L L L L L R R L R L R
4 R I R f L L R R R R L L L R R L L L
5 L I R L R L L L L L L R R R L R
6 L I R R R L R L L L R R L L L R
7 L t R R L L L L L L R R L R L R
8 { R R L L L L L L L R R R R L R
9 R L L R L R R L L L R R L L L
10 R ( R L R R L L L R L R R R L R
11 L R L R R R L L L L R R R L L
12 L R L R L L L L L R R L R L R
13 L R R L L L L L L R R
R R L L
14 L R R L L R L L L R R L
R L L
15 L R L L L R L L L L
R L R L L
16 L R R L L L L R L
R R L R L R
17 L R L L L L L L L
L R R R L R
18 L R L L L R L
L L L R L R L L
19 L R L L L
R L R L L R R R L L
20 R L R R L
R L L L L R R R L R
21 R R L R R R
L L L R R R R L R
22 R L R R R L
L L L R R R R R L R
23 R L R R R
R R R L L L R R L L L
24 L L R R L
L L L L L L R L R L L
25 L L L L R
R L R R L L R R L R R R
26 L R L R L R
R R R L L L R R R L L
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SET II Frequency Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0 15 23 22 26 21 11 25 18
FS 11 0 21 24 25 22 11 21 12
HNU 3 5 0 10 16 5 3 12 7
HC 4 2 16 0 24 3 8 11 3
HI 0 1 10 2 0 1 5 0 0
LAB 5 4 21 23 25 0 11 20 2
LUV 15 15 23 18 21 15 0 19 14
N 1 5 14 15 26 6 7 0 5
VK 8 14 19 23 26 24 12 21 0
SUM 47 61 147 137 189 97 68 129 61 936
SET II Proportion Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0.50 0.58 0.88 0.85 1.00 0.81 0.42 0.96 0.69
FS 0.42 0.50 0.81 0.92 0.96 0.85 0.42 0.81 0.46
HNU 0.12 0.19 0.50 0.38 0.62 0.19 0.12 0.46 0.27
HC 0.15 0.08 0.62 0.50 0.92 0.12 0.31 0.42 0.12
HI 0.00 0.04 0.38 0.08 0.50 0.04 0.19 0.00 0.00
LAB 0.19 0.15 0.81 0.88 0.96 0.50 0.42 0.77 0.08
LUV 0.58 0.58 0.88 0.69 0.81 0.58 0.50 0.73 0.54
N 0.04 0.19 0.54 0.58 1.00 0.23 0.27 0.50 0.19
VK 0.31 0.54 0.73 0.88 1.00 0.92 0.46 0.81 0.50
SUM 2.31 2.85 6.15 5.77 7.77 4.23 3.12 5.46 2.85
SET II Z-score Matrix
FH HNU HC HI LAB LUV N VK
FH 0.00 1.18 1.04 2.33 0.88 -0.20 1.75 0.50
HNU -1.18 0.00 -0.31 0.31 -0.88 -1.18 -0.10 -0.61
HC -1.04 0.31 0.00 1.41 -1.18 -0.50 -0.20 -1.18
HI -2.33 -0.31 -1.41 0.00 -1.75 -0.88 -2.33 -2.33
LAB -0.88 0.88 1.18 1 .75 0.00 -0.20 0.74 -1.41
LUV 0.20 1.18 0.50 0.88 0.20 0.00 0.61 0.10
N -1.75 0.10 0.20 2.33 -0.74 -0.61 0.00 -0.88
VK -0.50 0.61 1.18 2.33 1.41 -0.10 0.88 0.00




























HC FH N HC



























left 9 6 24 6 26 23 26 24 26 24 0 26 0 1 9 25 25 26 15 2 26
right 17 20 2 20 0 3 0 2 0 2 26 0 26 25 17 1 1 0 11 24 0
SAMPLE PAIR
Subject 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 7 18 19 20 21
1 L L I R L L L L L L R I R R L L L L R L
2 R R I R L L L L L L R I R L R L t L R R L
3 L L Ft L L L L L L L R 1 R R L L L L R L
4 R R 1 R L L L L L L R I R R R L L R R L
5 L R I R L R L L L L R I R R R L L R R L
6 R L R L L L L L L R t R R R L L R L L
7 L R L L L L L L L R R R R L L R R L
8 L L R L L L L L L R R R R L L L R L
9 R R R L L L L L L R R R L L L L R L
10 R R R L L L L L L R R R R L L L R L
11 R R R L L L L L L R R R R L L R R L
12 R R R L L L L L L R R R R L L R R L
13 R R R L R L R L R R R R R L L L R L
14 L R L L L L L L L R R R R L L R R L
15 R R R L L L L L L R R
R L L L L R L
16 R R R L L L L L L R R
R R L L L R L
17 R R R L L L L L L R R
R R L L L R L
18 L R L L R L L L R R
R R L L L R R L
19 R L R L L L L L L
R R R L L L L R L
20 R R R L L L L L L
R R R L L L R L L
21 R R * R L L L R L L
R R R R L L R R L
22 R R L L L L L L L
L R R R L L L L R L
23 L R L R L L L L L
L R R R R L L L R L
24 L R L L L L L L L
L R R R L R L L L R L
25 R L L R L L L L
L L R R R R L L L L R L
26 R R L R L L L
L L L R R R R L L L L R L
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SETHI Frequency Matrix
FH FS HC HI N LB/VK LV/HN
FH 0 0 26 2 0 24 24
FS 26 0 26 20 11 25 25
HC 0 0 0 0 0 9 6
HI 24 6 26 0 0 24 23
N 26 15 26 26 0 25 26
LB/VK 2 1 17 2 1 0 9
LV/HN 2 1 20 3 0 17 0
SUM 80 23 141 53 12 124 113 546
SETHI Proportion Matrix
FH FS HC HI N LB/VK LV/HN
FH 0.50 0.00 1.00 0.08 0.00 0.92 0.92
FS 1.00 0.50 1.00 0.77 0.42 0.96 0.96
HC 0.00 0.00 0.50 0.00 0.00 0.35 0.23
HI 0.92 0.23 1.00 0.50 0.00 0.92 0.88
N 1.00 0.58 1.00 1.00 0.50 0.96 1.00
LB/VK 0.08 0.04 0.65 0.08 0.04 0.50 0.35
LV/HN 0.08 0.04 0.77 0.12 0.00 0.65 0.50
SUM 3.58 1.38 5.92 2.54 0.96 5.27 4.85
SET III Z- score Matrix
FH HC Hl N LB/VK LV/HN
FH 0.00 2.33 -1.41 -2.33 1.41 1.41
HC -2.33 0.00 -2.33 -2.33 -0.39 -0.74
HI 1.41 2.33 0.00 -2.33 1.41 1.18
N 2.33 2.33 2.33 0.00 1.75 2.33
LB/VK -1.41 0.39 -1.41 -1.75 0.00 -0.39
LV/HN -1.41 0.74 -1.18 -2.33 0.39 0.00
SUM -1.41 8.12 -4 -11.07 4.57 3.79 0.00
SET III Logistic Scale Value Matrix
FH HC HI N LB/VK LV/HN
FH 0.00 3.97 -2.28 -3.97 2.28 2.28
HC -3.97 0.00 -3.97 -3.97 -0.61 -1.15
HI 2.28 3.97 0.00 -3.97 2.28 1.90
N 3.97 3.97 3.97 0.00 2.83 3.97
LB/VK -2.28 0.61 -2.28 -2.83 0.00 -0.61
LV/HN -2.28 1.15 -1.90 -3.97 0.61 0.00




1 2 3 4 5 6 7 a 9 10 11 12 13 14 15 16 17 18
left LUV FS LUV LAB LUV HC FS LUV FH LUV HI FH HNU FH VK VK N HC
right FH HC LAB HC VK FH VK FS FS HC HNU HI N HNU N HI HI HNU
selection coun
left 19 1 17 4 15 21 2 23 16 15 16 2 25 2 14 1 3 11
right 7 25 9 22 11 5 24 3 10 11 10 24 1 24 12 25 23 15
SAMPLE PAIR
Subject 1 2 3 4 5 6 7 I 9 10 11 12 1 3 14 15 16 17 18
1 L R L R L L R L R L L L L R R R L
2 R R R R R L R t R R L R L R R R L
3 R R R R R L R F L R L R L R R R R
4 L R R L R L R I L L L R L R R R R
5 L R L L L L R I L L R R I R R R R R
6 L R L R L f R 1 R L R R I R R R R R
7 L R L R L L R I L L L R L R R R R R
8 L R L R L L R 1 R L L R t R R R R R
9 R R R R L F L t L R R R L L L R R R
10 R R R R R I R L R L R t R R R R L
. 11 R R R R R L R L R L R L R L R R R
12 R L R L L R L L R R t R R R L R
13 R R R R L R R R L R I R L R R L
14 R R L I R L L R R t R R R R R
15 L L L Ft L I R L R L F
L R L L R
16 R R L 1t R L L R R
t R R R R R
17 R R R 1 R R R L R I
R L R R L
18 R R L 1 R R L L
R 1 R R R R L
19 R R R I R L R
L R t R L R R L
20 R R R 1 R L
R L R f R L R R L
21 R R L FI R L L
L R R R R L R
22 R R L I R L
L R R R L R R L
23 R L L I R
R L R R R L R R R
24 R R L I R
L R L R R L R R L
25 R R R R R
L L R R R L R R R
26 L R R R R
R R R L R R R R R L
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SET IV (.5R) cont.
presentation order
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
left VK VK FS HNU FH HC LUV HC VK LAB HNU LAB FH FH N LAB LUV FS
right HNU LAB HI LAB N HI HI N HC FS LUV
selection coun
N LAB VK FS HI N HNU
left 20 11 1 22 8 2 3 12 3 25 21 13 5 5 23 1 14 1
right 6 15 25 4 18 24 23 14 23 1 5 13 21 21 3 25 12 25
SAMPLE PAIR
Subject 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 L R R L R R R L R L L L R R I R L R
2 R L R R L R R L R L L L R R R R L R
3 L L R I R R R R R I L R L R I R R R
4 L R R I R R R R L I L L R R I R L R
5 L R R L R R R R R t L R R R 1 R L R
6 L R R t R R L R R t L R R R I R L R
7 L R R L R R R R R I R R R R 1 R L R
8 L R R F R R R R R I R L R R I R L R
9 L L R t L R R L R L L R R f R R R
10 R R R FI R R R L R L R R R 1 R R R
11 R R L 1; l L L L L I R R L L (i L R L
12 L R R R R L R R R R L L 1 R L R
13 L L R L R R L R L L R R t R R R
14 L R R R R R R R L R R R R L R
15 L L R R R R R R L R L L R R R
16 L R R R R R R R L R L L R
R R
17 R R R L R R L R L L R R
R R R
18 L L R R R R R R L L R R
R L R
19 R L R R R R L R L L
R R R L R
20 R L R L R R L R
L L R R R L R
21 L L R R R R R R
R R R R R R R
22 L R R R R R L R
L L R R R R R
23 L R R L L R L
R L L R R R L R
24 L L R R R R R
R L R R L R R R
25 L L R R R R
R L L R R R ? R L R
26 L R R L R R
L R L L R R R R R
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SET IV Frequency Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0 10 24 21 24 21 19 18 21
FS 16 0 25 25 25 25 23 23 24
HNU 2 1 0 11 16 4 5 1 20
HC 5 1 15 0 24 4 15 14 3
HI 2 1 10 2 0 1 3 3 1
LAB 5 1 22 22 25 0 17 13 11
LUV 7 3 21 11 23 9 0 12 11
N 8 3 25 12 23 13 14 0 14
VK 5 2 6 23 25 15 15 12 0
SUM 50 22 148 127 185 92 111 96 105 936
SET IV Proportion Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0.50 0.38 0.92 0.81 0.92 0.81 0.73 0.69 0.81
FS 0.62 0.50 0.96 0.96 0.96 0.96 0.88 0.88 0.92
HNU 0.08 0.04 0.50 0.42 0.62 0.15 0.19 0.04 0.77
HC 0.19 0.04 0.58 0.50 0.92 0.15 0.58 0.54 0.12
HI 0.08 0.04 0.38 0.08 0.50 0.04 0.12 0.12 0.04
LAB 0.19 0.04 0.85 0.85 0.96 0.50 0.65 0.50 0.42
LUV 0.27 0.12 0.81 0.42 0.88 0.35 0.50 0.46 0.42
N 0.31 0.12 0.96 0.46 0.88 0.50 0.54 0.50 0.54
VK 0.19 0.08 0.23 0.88 0.96 0.58 0.58 0.46 0.50
SUM 2.42 1.35 6.19 5.38 7.62 4.04 4.77 4.19 4.54

















































































1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
left LUV HNU HI HI VK HNU LAB N LAB VK N HC VK FH HNU LUV LUV LUV
right FS VK FH FS FS FS N FS HI HI
selection coun
LUV LAB N HC LAB HNU FH VK
left 21 4 21 24 24 21 4 23 2 4 22 20 18 13 22 10 2 4
right 5 22 5 2 2 5 22 3 24 22 4 6 8 13 4 16 24 22
SAMPLE PAIR
Subject 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 L R L I L L R L R R L L L R L R R
2 L R L L L L R I R R L L L R R R R
3 L L L L L L R L R R L L R L R R R
4 L R R I L L R t R L L L L L R R R
5 L L L I L L R L R R L L L R R R R
6 L R L t L L R t R R L L R L R R R
7 L R L I L L R I R L R R R R ? L L L
8 R R R L R L t R R L L L R L R R
9 R R R t L R L t L L R R L L ? L L L
10 L R L L L R R R L L L R R R
R
11 L R L L L R R R L L L R L
R R
12 L R L L L R R R L R R L
R R L
13 R R R { L R L 5 L L R R L
L ? R R R
14 L R L L L R R R L L L
R L R R
15 R R L L R R R R L
L L R L R R
16 L R L L L R R R L
L L L R R R
17 L R L L L R R R L R
L L L R R R
18 L R L L L R R R L
L R R L R R R
19 L R L L L R R
R L L R R L R R R
20 L R L L R R
R R L L L L L L R R
21 L R L L L R
R R L L L L L R R R
22 L L L L R L R
R R L L R L L L R L
23 L R L L L L R
R R L L L R R R R R
24 L L L L R L R
R R R R L L L R R R
25 L R R L L L L
R R R L L L R L R R R





19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
left HNU HNU LAB HC HC N VK LUV N FH N HNU FH LAB VK HC FH HNU
right HC FH LUV HI FS HI LAB HI FH FS HC
selection coun
HI VK FS HC LUV LAB N
left 5 2 3 6 25 1 25 1 5 23 4 1 17 17 9 25 24 2
right 21 24 23 20 1 25 1 25 21 3 22 25 9 9 17 1 2 24
SAMPLE PAIR
Subject 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 R R R L L R L R R L R R R L R L L R
2 R R R L I R I R R L R R R L R L L R
3 R R R R t R 1 R R L R R L R L L L R
4 R R R L I R I R R L R R R R L L L R
5 R R R R I R 1 R R L R R R L R L L R
6 L R R R f R I R R R R R L L L L L R
7 R R R R t R I R R L L R L L L L L R
8 R R L R R R R L R R R L L L L R
9 R L R R R R L L R R L R R L L R
10 R R L R R R R L R R R L R L L R
11 R R R R R R R L R R R L R L R R
12 L R R R R R L L L R L L R L L R
13 L R L L * L ? L R L R L L R L R L L
14 R R R R R R R L R R L L R L L R
15 R R R R R R R L R R R L R L L R
16 R R R R R R R L R R L L L L L R
17 R R R R R R L L L R L R R L L R
18 R R R R R R R L R R R L R L L R
19 R R R R R R L L R R L L
R L L R
20 R R R R R R R L R R L
R L L L R
21 R R R L R R R L R R L
L R L L R
22 L L R R R R L R L
R L R R L L L
23 R R R R R R R R
R R L L R L L R
24 L R R R R R R
L R R L R L L L R
25 R R R L R R R L
R R L R R L R R
26 R R R R R R R
L R R L L R L L R
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SET V Frequency Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0 3 2 13 21 2 2 5 9
FS 23 0 21 25 24 17 21 23 24
HNU 24 5 0 21 25 4 10 24 22
HC 13 1 5 0 20 6 1 4 9
HI 5 2 1 6 0 2 1 1 4
LAB 24 9 22 20 24 0 23 22 25
LUV 24 5 16 25 25 3 0 22 22
N -21 3 2 22 25 4 4 0 18
VK 17 2 4 17 22 1 4 8 0
SUM 151 30 73 149 186 39 66 109 133 936
SET V Proportion Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0.50 0.12 0.08 0.50 0.81 0.08 0.08 0.19 0.35
FS 0.88 0.50 0.81 0.96 0.92 0.65 0.81 0.88 0.92
HNU 0.92 0.19 0.50 0.81 0.96 0.15 0.38 0.92 0.85
HC 0.50 0.04 0.19 0.50 0.77 0.23 0.04 0.15 0.35
HI 0.19 0.08 0.04 0.23 0.50 0.08 0.04 0.04 0.15
LAB 0.92 0.35 0.85 0.77 0.92 0.50 0.88 0.85 0.96
LUV 0.92 0.19 0.62 0.96 0.96 0.12 0.50 0.85 0.85
N 0.81 0.12 0.08 0.85 0.96 0.15 0.15 0.50 0.69
VK 0.65 0.08 0.15 0.65 0.85 0.04 0.15 0.31 0.50
SUM 6.31 1.65 3.31 6.23 7.65 2.00 3.04 4.69 5.62
SET V Z-score Matrix
FH HNU HC HI LAB LUV N VK
FH 0.00 -1.41 0.00 0.88 -1.41 -1.41 -0.88 -0.39
HNU 1.41 0.00 0.88 1.75 -1.04 -0.31 1.41 1.04
HC 0.00 -0.88 0.00 0.74 -0.74 -1.75 -1.04 -0.39
HI -0.88 -1.75 -0.74 0.00 -1.41 -1.75 -1.75 -1.04
LAB 1.41 1.04 0.74 1.41 0.00 1.18 1.04 1.75
LUV 1.41 0.31 1.75 1.75 -1.18 0.00 1.04 1.04
N 0.88 -1.41 1.04 1.75 -1.04 -1.04 0.00 0.50
VK 0.39 -1.04 0.39 1.04 -1.75 -1.04 -0.50 0.00




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
left FS N HNU FS HNU HNU HC LUV VK FS FS HNU HI FH N FS LAB HNU




VK LAB LUV HC LUV HI VK N
left 20 16 11 17 10 26 20 7 6 21 22 4 24 1 24 1 24 2
right 6 10 15 9 16 0 6 19 20 5 4 22 2 25 2 25 2 24
SAMPLE PAIR
Subject 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18
1 L L L L R t L R L L I R R L R
2 L L R L R L L R L L I R R R R
3 R R L R L I R L R L t L R R R
4 L R R L R f L R L L 1 R R R R
5 L R R L R t L R R L I R R R R
6 L L R L R t L L R L I R R R R
7 L L L R L I R L R L f L L t R R
8 L R R L R L R L L I R R R R
9 L L R L R 1 L R R L I R R R R
10 L L L L R L R R L I R R R R
11 L L L R R L R R L 1 R R R R
12 L L R L L L R R R 1 R R R R
13 L R L L L L R R L t R R R R
14 L L R L R L R R L 1 R R R R
15 R L L R L R L R L 1 R R R R
16 R L R R L R R R R 1i L R R i R
17 L R L L L L R R R 1 R R I R L
18 R L L R L R L R L 1 L ? R 1! R t L
19 L R L L L L L R L t R R I R I R
20 L L R L R L R R L f R R I R t R
21 L R R L R L R L L I R R I R 1 R
22 R L L R L R L R L I R R I R 1 R
23 R L R R R L R R L I R ? R I R { R
24 L R R L R L R R L F( R R I R I R
25 L R R L R L R L R (i R R t
R I R
26 L L R R R L R R R (t R R I R 1 R
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SET VI (7Y) cont.
presentation order
19 20 21 22 23 24 25 26 27 26 29 30 31 32 33 34 35 36
left FS FS VK HI FH VK HI FS N LAB LAB HI HC FH LAB LAB HC VK
right N LAB FH VK LUV HC HNU HC FH HC HI
selection coun
N HI HI LUV FH N HNU
left 7 4 18 24 19 2 21 18 23 25 8 16 1 0 24 25 2 11
right 19 22 8 2 7 24 5 8 3 1 18 10 25 26 2 1 24 15
SAMPLE PAIR
Subject 19 20 21 22 23 24 2 5 26 27 28 29 30 31 32 33 3 * 35 36
1 L L L L L R I L R L R L R R L L R L
2 L L L L L L I L I L R L R R L L R L
3 R R L L R R F L I L L L R R L L R R
4 L R R L L R I L L L R L R R L L R L
5 R R R L L R I L t L R L R R L L L L
6 R R L L R R f L t L L L R R L L R R
7 R R L L L R (t L I L R R R R R t R L
8 L R L L L L L Ft L R L R R L L R L
9 R R L L L R R t L L R R R L L R R
10 R R L L L R R L R L L R L L R R
11 R R L L L R L L R R R R L I R R
12 R R L L L R R L L R R R L I L L
13 R R L L R R L L R L R R L t R
R
14 R R R L R R L L R R R R L I R
R
15 R R R L L R R L R R R R L I
R R
16 R R R L R R ? R R R R R R
L I R R
17 L R L L L R L L R L R R L
1 R R
18 R R R L R R ? R L L R
R R R R R
19 R R L L L R L L R
R R R L R R
20 R R L L L R L L
R L R R L R R
21 L L R L L R L L
R L R R L ! R R
22 R R R L R R R L
L L R R R L R R
23 R R L R L R L L ?
L R L R R L R L
24 R R L L L R L R
L R L R R L R L
25 L R L R L R L L
L L L R R L R L
26 R L L L L R L R
L L L R R L R L
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SET VI Frequency Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0 21 11 25 26 25 7 23 18
FS 5 0 9 8 25 22 6 19 4
HNU 15 17 0 16 21 22 0 24 11
HC 1 18 10 0 25 25 6 24 2
HI 0 1 5 10 8 2 10 2
LAB 1 4 4 1 18 0 2 16 2
LUV 19 20 26 20 24 24 0 24 19
N 3 7 2 2 16 10 2 0 6
VK 8 22 15 24 24 24 7 20 0
SUM 52 110 82 97 179 160 32 160 64 936
SET VI Proportion Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0.50 0.81 0.42 0.96 1.00 0.96 0.27 0.88 0.69
FS 0.19 0.50 0.35 0.31 0.96 0.85 0.23 0.73 0.15
HNU 0.58 0.65 0.50 0.62 0.81 0.85 0.00 0.92 0.42
HC 0.04 0.69 0.38 0.50 0.96 0.96 0.23 0.92 0.08
HI 0.00 0.04 0.19 0.04 0.50 0.31 0.08 0.38 0.08
LAB 0.04 0.15 0.15 0.04 0.69 0.50 0.08 0.62 0.08
LUV 0.73 0.77 1.00 0.77 0.92 0.92 0.50 0.92 0.73
N 0.12 0.27 0.08 0.08 0.62 0.38 0.08 0.50 0.23
VK 0.31 0.85 0.58 0.92 0.92 0.92 0.27 0.77 0.50
SUM 2.50 4.73 3.65 4.23 7.38 6.65 1.73 6.65 2.96
SET VI Z-score Matrix
FH HNU HC HI LAB LUV N VK
FH 0.00 -0.20 1.75 2.33 1.75 -0.61 1.18 0.50
HNU 0.20 0.00 0.31 0.88 1.04 -2.33 1.41 -0.20
HC -1.75 -0.31 0.00 1.75 1.75 -0.74 1.41 -1.41
HI -2.33 -0.88 -1.75 0.00 -0.50 -1.41 -0.31 -1.41
LAB -1.75 -1.04 -1.75 0.50 0.00 -1.41 0.31 -1.41
LUV 0.61 2.33 0.74 1.41 1.41 0.00 1.41 0.61
N -1.18 -1.41 -1.41 0.31 -0.31 -1.41 0.00 -0.74
VK -0.50 0.20 1.41 1.41 1.41 -0.61 0.74 0.00



























LB/ FS FH HI
VK



























left 8 3 0 23 8 23 13 2 10 3 8 12 16 11 12 0 16 16 14 11 11
right 18 23 26 3 18 3 13 24 16 23 18 14 10 15 14 26 10 10 12 15 15
SAMPLE PAIR
Subject 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 R R R L L L R R R R R R L L L R L R L R R
2 L R R L R I L R L R R R R L R R R R R L L
3 L R R L R I L R R R L R L R R R R L R L L
4 R R R L R I L R L R L R R R R R R R R L L
5 R R R L R t R R R R L L L R L R L L R R
6 R R R L R I R R R R R L L R L R L L R R
7 R R R L L 1 R R R L L L L R L R L L L R
8 R R R L R I L R L R L L L L R R L L R L
9 R R R L L 1 R R R R R L L L L R L L
R R
10 R R R L L L R L R R R L L R R R R R
R R
11 L L R L R L R L R R R R L R R R R
R R L
12 R L R L L R R R R L R L R L R R
R R R L
13 R R R F L < R R R L R L L L
L R L R R
14 R R R t L I R L R R R L L R R
R L R R
15 R R R L R R R R R R R L L
L R L R L
16 L R R I R L R R R R R L L
R R R R R
17 R R R R R R R R R R L L
L L R L R R
18 R R R R R ? L R R R R
L R R L R L L R
19 R R R 1 R L R L R
R R R R R R R R R
20 L R R 1 L L L R L
R L R R R R R R R R L
21 R R R R L R L R L
L L L R L R L L R
22 L R R R L R R
R R R L R R L R L L R
23 R R R R L L
R L R R R R R R R R R R L
24 R R R R L L R L
R R R L L R R R L L R
25 L L R R L R R
R R R L R R R R L R R R L
26 L R R R L L
R L R R R R R R R R R R L
L
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SET VII Frequency Matrix
FH FS HC HI N LB/VK LV/HN
FH 0 3 18 16 13 11 15
FS 23 0 23 26 26 23 24
HC 8 3 0 14 15 3 8
HI 10 0 12 0 18 14 14
N 13 0 11 8 0 10 10
LB/VK 15 3 23 12 16 0 16
LV/HN 11 2 18 12 16 10 0
SUM 80 11 105 88 104 71 87 546
SET VII Proportion Matrix
FH FS HC HI N LB/VK LV/HN
FH 0.50 0.12 0.69 0.62 0.50 0.42 0.58
FS 0.88 0.50 0.88 1.00 1.00 0.88 0.92
HC 0.31 0.12 0.50 0.54 0.58 0.12 0.31
HI 0.38 0.00 0.46 0.50 0.69 0.54 0.54
N 0.50 0.00 0.42 0.31 0.50 0.38 0.38
LB/VK 0.58 0.12 0.88 0.46 0.62 0.50 0.62
LV/HN 0.42 0.08 0.69 0.46 0.62 0.38 0.50
SUM 3.58 0.92 4.54 3.88 4.50 3.23 3.85
SET VII Z score Matrix
FH HC Hl N LB/VK LV/HN
FH 0.00 0.50 0.31 0.00 -0.20 0.20
HC -0.50 0.00 0.10 0.20 -1.18 -0.50
HI -0.31 -0.10 0.00 0.50 0.10 0.10
N 0.00 -0.20 -0.50 0.00 -0.31 -0.31
LB/VK 0.20 1.18 -0.10 0.31 0.00 0.31
LV/HN -0.20 0.50 -0.10 0.31 -0.31 0.00
SUM -0.81 1.88 -0.29 1.32 -1.90 -0.20 0.00
SET VII Logistic Scale Value Matrix
FH HC HI N LB/VK LV/HN
FH 0.00 0.78 0.45 0.00 -0.30 0.30
HC -0.78 0.00 0.15 0.30 -1.90 -0.78
HI -0.45 -0.15 0.00 0.78 0.15 0.15
N 0.00 -0.30 -0.78 0.00 -0.45 -0.45
LB/VK 0.30 1.90 -0.15 0.45 0.00 0.45
LV/HN -0.30 0.78 -0.15 0.45 -0.45 0.00




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
left HC HNU HNU N VK VK LAB LUV HC FH FS N N HC N LAB FS HC
right HNU VK LUV HC HI LAB HNU HC HI LUV HI FS VK FH HI N LUV FS
selection coun
left 17 9 23 14 5 22 11 3 9 19 2 21 11 22 4 8 19 19
right 9 17 3 12 21 4 15 23 17 7 24 5 15 4 22 18 7 7
SAMPLE PAIR
Subject 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 L R R L L R R L L R L R L R L L L
2 L R R R L R R L L R L R L R L L L
3 R L L R R R L L L L L L L L R L R
4 L R R L L L R L L R L R L R R L L
5 L R L R L L R R L R L L R R R L R
6 R L R R L R R R R R L R L R L R L
7 R L L R L R L R R R L L L L R R R
8 L R L R L L R R L R L R L R R L L
9 R L L R L R R R L R L L L R R L R
10 L R R R L L R R L R R R L R L L L
11 L R R R L L R R L R L R L R R R L
12 L R R R L R R L L R L L L R R L L
13 R L L R L L R R R R L L L R R R L
14 L L L R L R R R L R L L L R R L L
15 R R R R L L R R L R L R L R L L L
16 L R R R L R R R L R L R L R R L L
17 L R R R L R R R R R L R L R R L L
18 R L R L L R R R L R R R R R R L R
R
19 R L R L L R L L L L L R L
R L L L R
20 L R L L R L R R R L R L
R L R R R L
21 L R L L R R L R R R R
R L R R R R R
22 L R R R R L R R L L
R R L L L R L L
23 L R L L R L L R L R
R L R L R L L L
24 R L L L R L L R R L
R L R L R R L L
25 L R L L R L R R R
L R L L L R R L L
26 L R L R L L R R




19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
left HI HI FS FH HC LUV LAB FH FH FH FS HI N VK LUV N FH FS
right LAB LUV VK HNU LAB LAB FS VK HI LAB FH
selection coun
HNU LUV HC VK HNU N HNU
left 23 25 8 15 22 7 15 3 1 15 11 23 23 9 6 19 9 15
right 3 1 18 11 4 19 11 23 25 11 15 3 3 17 20 7 17 11
SAMPLE PAIR
Subject 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 L L R L L R L R R L R L L R R L L
2 L L R L L R R R R L R L L R R L L
3 L R L R R L L L R R L R L L L R R
4 L L R L L R R R R L R R L R R R L
5 L L L L L R R L R L L L L L R R L
6 L L R R L L L R R R R L L R R R R
7 L L L R F L L R R R L R L R L R R
j 8 R L R
L L R R R R R R L L R R L L
9 L L L L t R L R R L L L L L R R
R
10 L L R L L R R R R L L L L R R
R L
11 L L R L 1 R L R R R R L L R R
L R
12 L L R L 1 R L R R L L L L L
R R L
13 L L R R R L R R L L L
R R L R R
14 L L L L R R R R L R L
L R R L L
15 L L R R R L R R R R
L L R L R R R
16 L L R L R L R R R R
L L R R R L R
17 L L R R L R R R L
R L L R R R R R
18 R L L R * R L R L R
R L R L L R L L
19 L L R R L R R
R L L L L L R L R L
20 L L R L L L R
R L R L L L R L R R
21 L L L R ? L R L
R R L L L R L L R L
22 L L R R R R
R R L L L R R R R R R
23 L L R L R L
R R L L L L R R L R L
24 L L L L L R L
R R R R L L L R L L L
25 R L R R L R L
R R R R L L L R L R
L
26 L L R L L R
R R R L R L L R
R L L L
160
SET VIII Frequency Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0 11 11 22 25 11 7 17 23
FS 15 0 11 19 24 15 7 21 18
HNU 15 15 0 17 23 11 3 19 17
HC 4 7 9 0 17 4 3 14 9
HI 1 2 3 9 0 3 1 4 5
LAB 15 11 15 22 23 0 7 18 22
LUV 19 19 23 23 25 19 0 23 20
N 9 5 7 12 22 8 3 0 15
VK 3 8 9 17 21 4 6 11 0
SUM 81 78 88 141 180 75 37 127 129 936
SET VIM Proportion Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0.50 0.42 0.42 0.85 0.96 0.42 0.27 0.65 0.88
FS 0.58 0.50 0.42 0.73 0.92 0.58 0.27 0.81 0.69
HNU 0.58 0.58 0.50 0.65 0.88 0.42 0.12 0.73 0.65
HC 0.15 0.27 0.35 0.50 0.65 0.15 0.12 0.54 0.35
HI 0.04 0.08 0.12 0.35 0.50 0.12 0.04 0.15 0.19
LAB 0.58 0.42 0.58 0.85 0.88 0.50 0.27 0.69 0.85
LUV 0.73 0.73 0.88 0.88 0.96 0.73 0.50 0.88 0.77
N 0.35 0.19 0.27 0.46 0.85 0.31 0.12 0.50 0.58
VK 0.12 0.31 0.35 0.65 0.81 0.15 0.23 0.42 0.50
SUM 3.62 3.50 3.88 5.92 7.42 3.38 1.92 5.38 5.46
SET VIII Z-score Matrix
FH HNU HC HI LUV N VK
FH 0.00 -0.20 1.04 1.75 -0.61 0.39 1.18
HNU 0.20 0.00 0.39 1.18 -1.18 0.61 0.39
HC -1.04 -0.39 0.00 0.39 -1.18 0.10 -0.39
HI -1.75 -1.18 -0.39 0.00 -1.75 -1.04 -0.88
LUV 0.61 1.18 1.18 1.75 0.00 1.18 0.74
N -0.39 -0.61 -0.10 1.04 -1.18 0.00 0.20
VK -1.18 -0.39 0.39 0.88 -0.74 -0.20 0.00




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
left VK HI HI FS HC FH HC VK LAB LAB FH FH LUV VK FH N LAB HC
right N VK HNU HNU VK HNU LAB LAB FH N
selection coun
HI FS HNU FH HC HI HNU LUV
left 7 22 22 16 18 16 2 2 23 15 0 1 1 19 4 9 17 17
right 19 4 4 10 8 10 24 24 3 11 26 25 25 7 22 17 9 9
SAMPLE PAIR
Subject 1 2 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 R L R R L R R R L R R L L
2 L L R R L R R R L R R L L
3 R R R R R R R R R R L R R
4 L L R R L R R R L R R L L
5 R L R R L R R R L R R L L
6 L L R R L R R R L R R L L
7 R R R R R R R R R R R L L R R
8 R L R R L R R R R R R L L
9 R R R R R R R R R R L R R
10 R L R R L R R R L R R L L
11 R R R R L R R R L R R L L
12 R L R R R R R R R R R L L L R R
13 R L R L R R R R R R R L R R R L
14 R R R R R R R R R R R R R R L R
15 R R R R R L R R R R R R R L R R
16 R R R R R R R R R R R L R L R R
17 L L R L L R R L R R R L R R L L
18 R L L R L R L L R L L L R R L L
19 L L L L L R R L R R R L R R L L
20 R L L L L R R L R R R L R R L L
21 R L R R L R R R R R R R R L R R
22 R L R L R R R R R R R L R L R R
23 L L L R L R R L R R R L R R L L
24 R R L L L L L L L R R R L L L L L
25 R R L L L L R R L R R R L R R L L


















HC HNU N FH LUV
N N FH LUV N LUV
20
6
26 27 28 29 30 31 32 35
FS VK N LUV FS HNU HC HNU
HC LUV FS HI LAB HC HI VK
selection coun
21 19 12 2 5 14 0 14














Subject 19 20 21 22 23 24 2 5 26 27 28 29 30 31 32 3 3 34 35 36
1 L R 1 L R L L L R R R R R R L L R
2 L R I L R L I L R R R R R R L L R
3 R L I R L R I R L L R L R L I R L
4 R R I L R L F L R R R R R R L R
5 R R I L R L I L R R R R R R R R
6 L R t L R L L L R R L R R L R R
7 R R t R R R F R L L R L R L R R
8 L R f L R L L L R R R R R R L R
9 R R I L R L L L L R R L R L R R
10 L R 1 L R L I L R R R R R R L R
11 R R I L R L L L L R R L R L R R
12 R R I R R L L L L R L L R L ? R R
13 R R I R R L L R L R R L R L R R
14 R R I L R R L R L R R L R L R R
15 R R I L R R F R L R R L R L R R
16 R L f R R L L L R L L R L R L
17 R R L L R L L R R R R R R R R
18 L L F R L L I R R R R R R R R R
19 R R I L R L L R R R L R R 5 R R
20 L R L L R L L L R R L R L R R
21 R R L R R L F- L R R R R L R R
22 R L L R R R L R L R R L R L R R
23 L R L L R L L R R R R R R L R
24 L R L L R L L R R L R R R L R
25 L L L L R R R R R L L R L R L
26 R R F L R L L R R R L R R R R
163
SET IX Frequency Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0 25 10 22 26 23 8 24 19
FS 1 0 10 5 23 21 6 12 2
HNU 16 16 0 12 22 17 1 21 12
HC 4 21 14 0 26 24 9 16 8
HI 0 3 4 0 0 7 2 9 4
LAB 3 5 9 2 19 0 3 11 2
LUV 18 20 25 17 24 23 0 24 19
N 2 14 5 10 17 15 2 0 7
VK 7 24 14 18 22 24 7 19 0
SUM 51 128 91 86 179 154 38 136 73 936
SET IX Proportion Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0.50 0.96 0.38 0.85 1.00 0.88 0.31 0.92 0.73
FS 0.04 0.50 0.38 0.19 0.88 0.81 0.23 0.46 0.08
HNU 0.62 0.62 0.50 0.46 0.85 0.65 0.04 0.81 0.46
HC 0.15 0.81 0.54 0.50 1.00 0.92 0.35 0.62 0.31
HI 0.00 0.12 0.15 0.00 0.50 0.27 0.08 0.35 0.15
LAB 0.12 0.19 0.35 0.08 0.73 0.50 0.12 0.42 0.08
LUV 0.69 0.77 0.96 0.65 0.92 0.88 0.50 0.92 0.73
N 0.08 0.54 0.19 0.38 0.65 0.58 0.08 0.50 0.27
VK 0.27 0.92 0.54 0.69 0.85 0.92 0.27 0.73 0.50
SUM 2.46 5.42 4.00 3.81 7.38 6.42 1.96 5.73 3.31
SET IX Z-score Mati ix
FH HNU HC HI LUV N VK
FH 0.00 -0.31 1.04 2.33 -0.50 1.41 0.61
HNU 0.31 0.00 -0.10 1.04 -1.75 0.88 -0.10
HC -1.04 0.10 0.00 2.33 -0.39 0.31 -0.50
HI -2.33 -1.04 -2.33 0.00 -1.41 -0.39 -1.04
LUV 0.50 1.75 0.39 1.41 0.00 1.41 0.61
N -1.41 -0.88 -0.31 0.39 -1.41 0.00 -0.61
VK -0.61 0.10 0.50 1.04 -0.61 0.61 0.00




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
left HC HI VK HC VK FS LUV HNU FS HNU LUV LAB HC FS LUV FH LAB N
right FH VK FH HNU LAB HI FH LUV HC N VK
selection coun
FH LUV LAB FS HI HI FS
left 26 17 25 25 15 1 25 8 0 26 22 26 23 0 24 2 4 22
right 0 9 1 1 11 25 1 18 26 0 4 0 3 26 2 24 22 4
SAMPLE PAIR
Subject 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 5 16 17 18
1 L R R L R R L L L L R I R R L
2 L L R t R R L L L L R I R R L
3 L R L F L R L R L L R t L L R
4 L R R L L R L L L L R R R L
5 R L R I R R L L L R R R R L
6 L L R 1 R R L L L L R R L L
7 L L R 1 L R L L L L R R R L
8 L L R R R L L L L R R R L
9 L L R R R L L L L R R R L
10 L R L L R R R R L R L L R R R L
11 L L R R R L L L L R R R R R
12 L L R R R L L L R R L R R L
13 L R L L R R R R L L L L R L R R L
14 L R L L L R L R L R L L R L R L R
15 L R L L R R R R L L L L R L R R L
16 L L L L L R L R L L L L R R R R L
17 L L L L L R R R L L L L R L R R
L
18 L R L L L R L R L L L L R L
R R L
19 L L L L R R R R L L L L R L
R L L
20 L L L L R R R R L L L L
R L R R L
21 L L L L R R L R L L L R
R L R R L
22 L L L L L R L R L L L
L R L R R L
23 L L L L R R L R R L L L
L R L L R L
24 L R L L L R L R R L L
L L R L R R L
25 L R L L L R L R R L L
L L R L R R R
26 L R L L R R L R R L R




19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
left N HI HNU N HC N N LUV HNU LAB FH FH HI HC FS FS FS LAB
right LAB N VK HC HI VK LUV HI LAB LUV HNU
selection coun
N HNU VK VK FH HNU HC
left 1 25 6 2 21 2 1 4 21 13 1 22 17 26 1 0 1 0
right 25 1 20 24 5 24 25 22 5 13 25 4 9 0 25 26 25 26
SAMPLE PAIR
Subject 19 2 3 21 22 23 24 25 26 2 ' 28 29 30 31 32 33 34 35 36
1 R L R R L R R R L R R L L L R R R R
2 R L R R 1 R R R L L R L L L R R R R
3 R F L R 1 R R L F L L L R L R R R R
4 R L L R t R R R L L R 1 L L R R R R
5 R t R R R R R L R R t R t R R R R
6 R t L R t R R R L L R L L t R R R R
7 R 1 L R R R R Ft L R L L R R R R
8 R 1 R R R R R t R R L I R R R R
9 R R R < R R R R R L 1 R R R R
10 R R R R R L t L R R L R R R
11 R R L R R R R R L R R R R
12 R R R * L R R R R * L R R R
R
13 R R R R R R R R L R R L
R
14 R R R L R R R L R R R
R R R
15 R R R L R R R L R R
R R R R
16 R L R L R R R R R L L
R R R R
17 R R R L R R R R R L L
R R R R
18 R R R L R R R * L R L
R R R R R
19 R L R L R R R L R
L L R R R R
20 R R R L R R R L
R R R R R R R
21 L R L R L L R R R
R R R R R R
22 R L R R L R R R L R
R L L R R R R
23 R L R R L R R L L
L R L L R R R R
24 R L R R R R R R L
R R R L R R R R
25 R L R R L R R R
L R R L L L R R R R
26 R L R R L R R L
R L R L R L R R R R
166
FH FS HNU HC HI LAB LUV N VK
FH 0 0 25 26 24 26 25 4 25
FS 26 0 25 26 25 26 24 22 25
HNU 1 1 0 25 17 5 18 0 20
HC 0 0 1 0 5 0 3 2 0
HI 2 1 9 21 0 4 4 1 9
LAB 0 0 21 26 22 0 13 1 15
LUV 1 2 8 23 22 13 0 1 4
N 22 4 26 24 25 25 25 0 24
VK 1 1 6 26 17 11 22 2 0
SUM 53 9 121 197 157 110 134 33 122 936
SET X Proportion MatriX
FH FS HNU HC HI LAB LUV N VK
FH 0.50 0.00 0.96 1.00 0.92 1.00 0.96 0.15 0.96
FS 1.00 0.50 0.96 1.00 0.96 1.00 0.92 0.85 0.96
HNU 0.04 0.04 0.50 0.96 0.65 0.19 0.69 0.00 0.77
HC 0.00 0.00 0.04 0.50 0.19 0.00 0.12 0.08 0.00
HI 0.08 0.04 0.35 0.81 0.50 0.15 0.15 0.04 0.35
LAB 0.00 0.00 0.81 1.00 0.85 0.50 0.50 0.04 0.58
LUV 0.04 0.08 0.31 0.88 0.85 0.50 0.50 0.04 0.15
N 0.85 0.15 1.00 0.92 0.96 0.96 0.96 0.50 0.92
VK 0.04 0.04 0.23 1.00 0.65 0.42 0.85 0.08 0.50
SUM 2.54 0.85 5.15 8.08 6.54 4.73 5.65 1.77 5.19
SET X Z-score Matrix
FH HNU HC HI LAB LUV N VK
FH 0.00 1.75 2.33 1.41 2.33 1.75 -1.04 1.75
HNU -1.75 0.00 1.75 0.39 -0.88 0.50 -2.33 0.74
HC -2.33 -1.75 0.00 -0.88 -2.33 -1.18 -1.41 -2.33
HI -1.41 -0.39 0.88 0.00 -1.04 -1.04 -1.75 -0.39
LAB -2.33 0.88 2.33 1.04 0.00 0.00 -1.75 0.20
LUV -1.75 -0.50 1.18 1.04 0.00 0.00 -1.75 -1.04
N 1.04 2.33 1.41 1.75 1.75 1.75 0.00 1.41
VK -1.75 -0.74 2.33 0.39 -0.20 1.04 -1.41 0.00
SUM -10.28 1.58 12.21 5.14 -0.37 2.82 -1 1 .44 0.34 0.00
167
SETX .ogistic Scale Value Matrix
FH HNU HC HI LAB LUV N VK
FH 0.00 2.83 3.97 2.28 3.97 2.83 -1.61 2.83
HNU -2.83 0.00 2.83 0.61 -1.36 0.78 -3.97 1.15
HC -3.97 -2.83 0.00 -1.36 -3.97 -1.90 -2.28 -3.97
HI -2.28 -0.61 1.36 0.00 -1.61 -1.61 -2.83 -0.61
LAB -3.97 1.36 3.97 1.61 0.00 0.00 -2.83 0.30
LUV -2.83 -0.78 1.90 1.61 0.00 0.00 -2.83 -1.61
N 1.61 3.97 2.28 2.83 2.83 2.83 0.00 2.28
VK -2.83 -1.15 3.97 0.61 -0.30 1.61 -2.28 0.00
SUM -17.11 2.80 20.29 8.19 -0.44 4.54 -18.64 0.37 0.00
OVERALL SETS Averaged Frequency Matrix
FH FS HNU HC HI LAB LUV N VK
FH 5.00 1.12 6.38 8.35 8.04 5.73 5.35 5.69 7.19
FS 5.88 3.50 6.00 6.50 6.54 5.88 5.73 5.85 6.27
HNU 3.62 1.00 5.00 6.46 6.81 3.00 3.04 5.35 5.65
HC 1.65 0.50 3.54 5.00 6.31 2.12 2.58 4.19 1.96
HI 1.96 0.46 3.19 3.69 5.00 2.38 2.27 2.27 2.73
LAB 2.27 1.12 5.00 5.88 5.62 4.00 4.08 4.12 3.62
LUV 4.65 1.27 6.96 7.42 7.73 3.92 5.00 6.27 5.65
N 4.31 1.15 4.65 5.81 7.73 3.88 3.73 5.00 5.08
VK 2.81 0.73 4.35 8.04 7.27 4.38 4.35 4.92 5.00
SUM 32.15 10.85 45.08 57.15 61.04 35.31 36.12 43.65 43.15
OVERALL SETS Proportion Matrix
FH FS HNU HC HI LAB LUV N VK
FH 0.50 0.16 0.64 0.83 0.80 0.72 0.53 0.57 0.72
FS 0.84 0.50 0.86 0.93 0.93 0.84 0.82 0.84 0.90
HNU 0.36 0.14 0.50 0.65 0.68 0.38 0.30 0.53 0.57
HC 0.17 0.07 0.35 0.50 0.63 0.26 0.26 0.42 0.20
HI 0.20 0.07 0.32 0.37 0.50 0.30 0.23 0.23 0.27
LAB 0.28 0.16 0.63 0.74 0.70 0.50 0.51 0.51 0.45
LUV 0.47 0.18 0.70 0.74 0.77 0.49 0.50 0.63 0.57
N 0.43 0.16 0.47 0.58 0.77 0.49 0.37 0.50 0.51
VK 0.28 0.10 0.43 0.80 0.73 0.55 0.43 0.49 0.50
SUM 3.52 1.55 4.89 6.14 6.52 4.52 3.96 4.72 4.67
168
OVERALL SETS Z-score Matrix (with FS)
FH FS HNU HC HI LAB LUV N VK
FH 0.00 -0.99 0.36 0.95 0.84 0.58 0.08 0.18 0.58
FS 0.99 0.00 1.08 1.48 1.48 0.99 0.92 0.99 1.28
HNU -0.36 -1.08 0.00 0.39 0.47 -0.31 -0.52 0.08 0.18
HC -0.95 -1.48 -0.39 0.00 0.33 -0.64 -0.64 -0.20 -0.84
HI -0.84 -1.48 -0.47 -0.33 0.00 -0.52 -0.74 -0.74 -0.61
LAB -0.58 -0.99 0.33 0.64 0.52 0.00 0.03 0.03 -0.13
LUV -0.08 -0.92 0.52 0.64 0.74 -0.03 0.00 0.33 0.18
N -0.18 -0.99 -0.08 0.20 0.74 -0.03 -0.33 0.00 0.03
VK -0.58 -1.28 .-0.18
0.84-
0.61 0.13 -0.18 -0.03 0.00
SUM -2.58 -9.21 1.17 4.81 5.73 0.17 -1.38 0.64 0.67 0.02
OVERALL SETS Z-score Matrix
FH HNU HC HI LAB LUV N VK
FH 0.00 0.36 0.95 0.84 0.58 0.08 0.18 0.58
HNU -0.36 0.00 0.39 0.47 -0.31 -0.52 0.08 0.18
HC -0.95 -0.39 0.00 0.33 -0.64 -0.64 -0.20 -0.84
HI -0.84 -0.47 -0.33 0.00 -0.52 -0.74 -0.74 -0.61
LAB -0.58 0.33 0.64 0.52 0.00 0.03 0.03 -0.13
LUV -0.08 0.52 0.64 0.74 -0.03 0.00 0.33 0.18
N -0.18 -0.08 0.20 0.74 -0.03 -0.33 0.00 0.03
VK -0.58 -0.18 0.84 0.61 0.13 -0.18 -0.03 0.00
SUM -3.57 0.09 3.33 4.25 -0.82 -2.30 -0.35 -0.61 0.02
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